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ADVERTISEMENT. 



IN presenting to the public the conclu- 
ding volume of the Scientific Dialogues, 
the Author cannot but acknowledge, with 
sentiments of gratitude, the favourable re- 
ception which the former parts of the work 
have experienced. He trusts that the seve- 
ral subjects comprised in this last volume, 
will have an equal claim to the candour of 
those who dve engaged in the arduous but 
honourable employment of education. 

It will be seen that it was quite impossi- 
ble to include in the three volumes the in- 
troduction to chymistry, as it was originally 
intended* This branch of science \a bttotCkR. 
ro very interesting, and the study oi \X ^ci 
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ADVERTISEMENT. 

general, that it would have been unpardona 
ble to have devoted only a part of a volum< 
to the discussion of it: the Author has 
therefore, at the suggestion aird desire o 
many friends^ who have given their appra 
bation to the Scientific Dialogues^ underta 
ken to furnish a separate work on this sub 
ject, in two volumes, similar in size to this 






OPTICS. 



CONVERSATION L 



INTHODUCTION, 



Of ligjit— The SmaUQcH oF iu Pullelet— Tbeit Ve- 
beity— They move only in strtight Linei. 



CHARLES, When we were on the sea, 
you told ua that you would explain the 
reasoR why the oar, which was straight 
vhcit it lay id the boat, appeared crooked 
as soon as it was put into the water. 

Tutor. I did : but it requires acme pre- 
vious knowled^ before you can tom^tt- 
Jseadthe subject. It would afford you^wS. 



10 OPTICS. 

little satisfaction to be told that; this decep 
tion was caused by the differenjt degrees o 
refraction which takes place in water and i 
air/ 

James. We do not»know what you me« 
by the word refraction. 

Tutor. It will tber^ore be right to pre 
ceed with caudon^r^oc^ton is a term fre 
quently uj^ed in vie scienpe of opticsAmi 
this science depends wholly on Rght^ 

JameSf What is light ? / 

Tutor. It would, perhaps^ be difficult t 
^ve a direct answer to your question, be 
cause we know nothing of the nature c 
light, but by the effects which it producei 
In reasoning, however, jDn tins subject, it i 
generally admitted thatlUght consists of is 
conceivably small pardcles; which are ptio 
jected, or thrown off from a luminous bod 
with great velocity, in all directioi&s.^ ' 

Charles. But how is it known that light i 
composed of small particles ? * 

Tutor. There is no proof indeed that ligl 

j3 pnaterialf or composed of particles of mat 

^^^ aad therefore I ssdd it was jtncraU 
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OF THE MOTION OP LIGHT. 15 

James. And you say the particles of 
Bg^tmove in all directions. 

;r< Here is a sheet of thick brown 
jnper, 1 make only a small pin-hole in it, 
' ' then through that hole, I can see all the 
objects, such as the sky, trees, houses, &c. 

I could if the paper were not there. 

Charlea. Do we only see objects by, 

cans of the rays of light which flow from 

em ? . ' 

Tutor. I In no other way : and there- 
ore the light that comes from the landscapCf 
rtich I view by looking through the small 
lole in the paper, must come in all direc- 

ins at the samt: time. — Take another in- 

ince ; if a candle be placed on an eminence 

a dark night, it may be seen all round for 
he apace of half a mile : in other words, 
lerc is no place within a sphere of a mile 

diameter, where the candle cannot be 
;en, that is, where some of the rays from ^ 
small flame will not be found.^ 

fames. Why do jou limit the dibtatvce^ 



Tutor. The distance, of course, wilt be 
greater or less, according to the size of the 
candle : but the degree of light; like heat, 
diminishes in proportion as you go farther 
from the luminous body. 

Charles, Does it follow the same law as 
gravity f* 

Tutor. It does : the intensity or degree 
of light decreases as the square of the dis- 
tance from the luminous body increases. 

yames. Do you mean, that at the dis- 
tance of two yards from a candle* we shall 
have four times less light, than we should 
have, if we were only one yard from it ? 

Tutor. I do : and at three yards distance, 
nine times less light; and at four yards* 
distance you will have sixteen times less 
light than you would were you within a 
yard of the object.— I have one more thing 
to tell you : light always moves in straight 
lines. 

!. Ifow is that known ? 




* See Scientific Dialogues, VoV.V CccnniViAnn. 



THE INTENSITY OF LIGHT. 17 

TutoA Look through a straight tube 
at any object, and die rays of light will flow 
rekdily from it to the eye, but let the tube 
be bent, and the object cannot be seen 
through it, which proves that light will 
move only in a straight line. 

This is plain also from the shadows 
which opaque bodies cast; for if the light did 
not describe straight lines, there would be no 
shadow. Hold any object in the light of the 
SUB, or a candle, as a square board or book, 
and the shadow caused by it proves that 
light moves only in right or straight lines* 
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CONVERSATION H. 



Of Rays of Li^t— Of Rdkedon and RefractioD. 

CHARLES. Tou talked, the last time 
we met, of the ra3r8 of light flowing or 
moving, what do you mean by a ray of 
light f 

Tutor. light you know is supposed to 
be made up of indefinitely small partides ; 
now one or more of these particles in mo- 
tion from any body, is called a ray of light. 
• — If the supposition be true^ that light 
consists of particles flowing from a lumi- 
nous body, as the sun, and that these parti- 
cles are about eight minutes in coming 
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•the sense of sight EXClTEtt 
the sua to us ; thea if the sun wctt 
:(1 from the heavens, we should 
ly have the same appearance for eight nU> 

:3 after the destruction of that body w 

now have. 

■antes- I do not understand how we 
Eould see a thing that would not exist. 
' TiUor. The sun is perpetually throwing 
)ff particles of lighl, which travel at the 
nte of twelve millions of miles in a mi- 
nute, and it is by these that the image of 
iie body ia impressed on our eye. The 
kun. being blotted from the ftrmament would 
K>t affect the course of the particles that 
had the instant before been thrown froni^ 
lus body, they wou(d travel on as if no- 
dling had happened, and till the last par- 
ades had reached the eye, we should 
think we saw the sun, as much as we do 
t»w. 

Charles. Do we not actually see the 
body itself? 

Taier. The sense of sight mx^^ ^^.t- 
«« Ae uaapUy compared to <!h«.t-tA 
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smell : a grain of musk will throw off its 
odoriferous, particles all round, to a consi* 
derable distance, now if you or I happen 
to be near it, the particles which fall upon 
certain nerves in the nose will excite in us 
those sensations, by which we say we have 
the smell of musk. In the same way par- 
ticles of light are flowing im every direc- 
tion from die grain of musk, some of which 
fall on the eye^ and these excite different 
sensations, from which we say, we see a 
piece of musk. 

Charles. But the musk will in time be 
completely dissipated, by the act of throw- 
ing off the fine particles ; whereas a chair 
or a table may throw off its rays so as to 
be visible, without ever diminishing its 
size. 

Tutor. True : because whatever is dis- 
tinguished by the sense of smell, is known 
only by the particles of the odoriferous 
body itself flowing from it : whereas a 
body distinguished by the sense of sight is 
known by the rays of lights which first 



REFLECTION OF UGIIT. 

fall on the body, and are then refiecteA 
torn it. 
yames. What do you mean by being 



Tutor. If 1 throw this marble smartly 
gaiuGt the wainscoti will it remain where 

was thrown i 

Jamea. Xo : it will rebound, or come 
Hck again. 

Tutor. What you call rebounding, ^ 
vs on optics denominate rejection. WheQ 

body of any kind, whether it be a mar- 
ie with which you play, or a particle of 
ight, strikes against a surface, and is sent 

ick again, it is said to be reflected. If 
rou shoot a marble straight against a boards 
or other obstacle, it comes back in the 
le line, or nearly bo ; but suppose you 
IV it sideways, does it return to the 

ud? 

Charles. Let me see : I will shoot this 
larble against the midtile of one side of 

le room, from the comer of the opposite 



y tones. Toil see, instead of coming 
back to your hand, it goes off to the other 
comer, directly opposite to the place from 
which you sent it. 

Tutor. This will lead us to the explana- 
tiou of one of the principal definitions in 
optics, viz, that the angle of refection is 
ahoays equal to the angle of incidence. You 
know what an angle is ?* 

Charles. We do : but not what an angle 
of incidence is- 

Tutor. I said a ray of light was a par- 
ticle of light in motion : now there arc in- 
cident rays, and reflected rays. 

The incident raj's are those which fall on 
the surface ; and the refected rays are those 
which are sent off from it, 

Charles. Does the marble going to the 
wainscot represent the incident ray, and in 
ffoing from it, does it represent the re-.— 

b" i 

^^^^m^eatJSc Dialogues, Vol.1. (:uwei;a%^^uin\.M 



REFLECTED SAYS. 23 

T^tor* It does : and the wainscot may 
be called the reflecting surface* 

yames. Then what are the angles of in- 
cidence and reflection ? 

Tutor. Suppose you draw the lines on 
which the marble travelled, both to the 
wainscot, and from it again* 

Charles. I will do it with a piece of 
chalk. 

Tutor. Now draw a perpendicidar* 
from the point where the marble struck 
the surface, that is, where your two lines 
meet. 

Charles. I see there are two angles, and 
they seem to be equal* 

Tutor. We cannot expect mathemati- 
cal precision in such trials as these ; but if 



* If the point be exactly in the middle of one 
sid^ of the room, a perpendicular is readily drawn 
by finding the middle o£ the .opposite side, aud 'jo\yv- 
jng- the two points. 



24 OPTICS. 

the experiment were accurately made, the 
two angles would be perfectly equal: the 
angle contained between the incident ray, 
and the perpendicular, is called the angle 
of incidence, and that contained between 
the perpendicular and reflected ray, is call- 
ed the angle of reflection* 

James* Are these in all cases equals 
shoot the marble as you will ? 

Tutor. They are : and the truth holds 
equally with the rays of light : — ^both of you 
stand in front of the looking-glass. Tou 
see yourselves, and one another also; for 
the rays of light flow from you to the glass, 
and are reflected back again in the same 
lines. Now both of you stand on one side 
of the room. What do you see I 

Charles. Not ourselves, but the furni- 
ture on the opposite side. 

Tutor. The reason of this is, that the 
rays of light flowing from you to the 
glass, are reflected to the other side of the 
room. 



Otftrr REFl^CTEB PBOM GLASS. 4J 

Charles. Then if 1 go to thai part, 
laD see the rays of light flowing from 
brother : — and 1 do see him in the 



yamea. And I see Charles. 

Tutor. Now the rays of light flow 

>m each of you to the glasst and are r^ 

cted to one another : but neither of you 

:s himself. 

Charles. No : I will move in front of 

e glass, now I sec myself, but not my 

iother ; ami, I think, I understand the 

tject very well. 

Tutor. Then explain it to me by a fi* 

which you may draw on the slate. 

Charles. Let A b (Plate i. Fig. 1.) 

Epresent the looking-glass : if I stand at 

the rays flow froin me to the glass, and 
e reflected back in the same licict because 
there is no angle of incidence, and of 
se no angle of reflection ; bat if X 
tnd at X, then the nyi flew from loe 



a orncs; 

to die^lasf, but they make the i 
X 6 c, ind therefore they must be refl( 
in the line o ^^ so as to make the a 
y o C9 which is the angle of reflec 
equal to the angle ;i^ o c. And if 3i 
itanH lit y, he will see me at x^ and I st 
ioig at Xf diaU see him at y. 
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CONVEBaATION VS. 



Of the Re&actian ot Light 

"^CHARLES. If glasB stop the rayi ^ 
light, and reflect them, why cannot I ■ 
myself in ihe window ? 

Tutor. It is the silvering on the glaay \ 
which causes the reflection, otherwise the ' 
rays would pass through it without being 
stopped, and if they were not stopped, they 
could not be reflected. No glass, however^ j 
is so transparent, but it reflects some rayaf I 
put your hand to within three or four inches ' 
of the window, and you see clearly the im« 
age of ii' 
JCames. So I do, and the nearer the h&nd 
to /Ae^/ass, the more evident in the ^ 
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age, but it is formed on the other side of 

the glass, and beyond it too. 

Tutor. It is ; this happens also in loofc- 
ing-ghisses ; you do not see yourself on the 
surface, but apparently as far behind the 
glass, as you stand from it in the front. 

Whatever suffers the rays of light to pass 
through it, is called a medium, mass, 
which is transparent, is a medium ; so also 
is ain water, and indeed all fluids that are 
transparent are called media, and the more 
transparent the body, the more perfect is 
die medium. 

Charles. Do the rays of light pass through 
these in a straight line ? 

Tutor. They do : but not in precisely 
the same direction in which thry were mo- 
ving before they entered it. They are bent 
out of their former course, and this is called 
refraction. 

yames. Can you explain this term more 
clearly I 

Tutor. Suppose a b (Plate i. Fig. 2.) 
Jb be a piece of glass, two or t^^tte to'^c* 
Wd/ aad a ray oi light s a, to iaiV \iv»*.' 
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THE REFRACTION OF LIGHT. 3t 

a, it will oot pass through in the direc* 
s $, but when it comes to a, it wilt be 
:nt towards the perpendicular a i, and g» 
-ough the glass in the course a x, and 
rhea it comes into the air, it will pass on 
the direction x z, which is parallel to s A 
Charles. Does this happen if the ray fall 

lendicularly on the glass at P a?. 
Tutor. In that case there is no refracdon, 
but the ray proceeds in iis passage through 
le glass, precisely in the same direction as 
tt did 'lefore it entered it, namely, in the 
&^ction p b. 
yames. ilefraction then takes place only 
iien the rays fall obliquely or slantwise 
I the mediuni ? 

Tutor. iTust so : rays of light may pass 
It of a rarer into a denser medium, as from 
r into water or glass : or they may pass 
im a denser medium into a rarer, as froRk 
Iter into air. 

Chftrlen. Are the effects the same in both 
aes? 
r Tutor. Tiiey are not : and I wish yoti 
ID remember the difference. Wheo U^ 
c 2' 
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passes out of a rarer into a denser medium, 
it is drawn to the perpendicular ; thus if s « 
pass from air into 'glass, it moves, in its pas- 
sage through it, in the line a x^ which is 
nearer to the perpendicular a b than the 
line a s, which was its first direction. 

But when a ray passes from a denser 
medium into a rarer, it moves in a direc* 
ixoii farther from the perpendicular; thiis 
if the ray x a pass through glass or water 
into air, it will nou when it comes to a, 
move in the direction a m, but in the line 
a s, which is further than a m from the per^ 
pendicular a P. 

James* Can you show us any experi- 
ment in proof of this I 

Tutor* Yes, 1 can : here is a common 
earthen pan, on the bottom of which I will 
lay a shilling, and will fasten it with a piece 
of soft wax, so that it shall not move from its 
place, while I pour in some water. Stand 
back till you just lose siijht of the shilling. 

James* The side of the pan now com* 
plctely hides th'i si^hi of t\\^ moxve.^ ftom 



i 



OBJECTS HOW SEEN. 3|f 

lr> I will pour in a pitcher of clei 

yames, I bow see the shilling : how 
ihis to be explained I 

Tutor. Look to the last figure, and coi^ 
ceive your eye to be at s, a 6 the side of the 
pao, and the piece of money to be at x : no* 
when the pan is empty, the rays of light 
flow from x^ in the direction x am, but your 
eye is at s, of course youcannot see anything 
by the ray proceeding along j: a m. Ab; 
sooa as I put the water into the vessel, iht 
rays of light proceed from x to a, but there 
ihey enter from a denser to a rarer medium J 
and therefore, instead of moving in a m, as 
ihey did when there was no water, they wifl 
be bent from the perpendicular, and will 
come to your eye at s, as if the shilling werv 
situate at n. 

yames. And it does appear to me to be 
atn. 

Tutor. Remember what I am going to 

tell you, for it is a sort of axiom in qijV\c.s, -. 

" We see every thing in the direction t& 

ifei///aeio«-A/c&ii,e rays approach M&\aM 
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Which may be thus illustrated : I plac 
candle before the looking-glass, and if ] 
stand also before the glass, the image of 
candle appears behind it; but if anot 
looking-glass be so placed as to receive 
f efiected rays of the candle, and you sts 
before this second glass, the candle will 
pear behind that; because the mind tra 
fers every object seen along the line 
which the rays came to the eye last. 

Charles. If the shilling were not mo^ 
by the pouring in of the water, I de not i 
derstand how we could see it afterwards. 

Tutor* But you do see it now at i 
point n, or rather at the little dot just abc 
it, which is an inch or two from the ph 
where it was fastened at the bottom, a 
from which, you may convince yourself 
has not moved. 

James. I should like to be convinced 
this : will you make the experiment aga 
that I may be satisfied of it ? 

Tutor, You may make it as often 2L& ^ 
please, and the effect will always Vit 
same / bat you must not iiTO^t» iic« 
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iilliog only will appear to move, the bottom 
the veaaci seeps also to change its place* 
James. It appears to mc to be raised 
bjgher as the water is poured in. 

Tutor. I trust you are satisfied by this 
Rperiment : but I can show you another 
Iqually convincing ; but for this we stand in 
Heed of the sun. 
Take an empty vessel A) a coinnion pan 
basin will answer the purpose, (Plate I. 
Pig. 3.) into a dark room, having only a 
Hry small bote in the window shutter : so 
place the basin that a ray of light s s shall 
^ upon the bottom of it at a, here I make 
small mark, and then fill the basin with 
aier. Now where does the ray fall ? 
James. Much nearer to the side at *. 
Tutor. 1 did not move the basiut and 
Iherefore could have had no power in alter- 
bg the course of light. 

Charles. It is very clear that the ray waa 

refracted by the water at s : and I see that the 

iffect of refraction in this instance has been to 

bmcMc/BrnearerfoaperpendicuWiWVtd 

be conceived to be the side of l\\e V CM 
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Tutor- The same thing may be s 
with a candle in a room otherwiie d 
it siund in such a manner as that th 
dow of the side of a pan or box r 
somewhere at the bottom of it ; m 
place, and pour in water, and the a 
will not then fall so far from the s 
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CONVERSATION IV. 



f the Beflection and Refraction of Ught. 

TOR. We will proceed to some far« 
[lustrations of the laws of reBection 
^fr^ction. We shut out all the light 
the ray that comes in at the small 
I the shutter : at the bottom of this 
where the ray of light falls, I lay 
ece of looking-glass ; and if the wa* 
rendered in a small degree opaque 
xing with it a few drops of milk, 
e room be filled with dust by swv-cp- 
arpet, or any other meanfi, then you 
? the reaction which tVxc T^J 
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35 OPTlCe. 

from the shutter undergoes in passing- 
the water, the reflection of it at the surfa 
of the looking-glass, and the refractioi 
which takes place when the ray leaves tbl 
water, and passes again into the air. 

James. Does this refraction take pi 
all kinds of glass ? 

Tutor^ It does ; but where the gli 
very thin, as in window glass, the 
tioa is so small as to be generally ov 
ed. You may now undirstand why 
oar in the water appears bent, though 
really straight; for suppose a b (Pli 
Fig. 4.) represent water, and m a x ^ 
oar, the image of the part a a' in the wate 
will lie above the object, so that the oa 
will appear in the shape man, instead c 
max. On this account also, a fish in th 
water appears nearer the surface than i 
actually is, and a marksman shooting at i 
must aim below the place which it seem 
to occupy. 

Charles. Does the image of the objee 
Meen ia the water alw!L'y& %V^^'^ ^v^ 

1 the object really ia? 
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It appears one fourth nean 
:e than the object is. Hence k 
Dud or river is a third part deeper than it 
spears to be, which is of importance to 
remember, for many a school-boy has lost 
is lite by imagining the water into which 
plunged was within his depth. 
yames. You say the bottom appears one 
mth nearer the surface than it is ; and 
:d that the water is a third deeper than it 
;ins to be : I do not understand thisv 
Tutor. Suppose the river to be six feet 
:ep, which is sufficient to drown you 
le, if we cannot swim : I say the bottom 
nil appear to be only four feet and a hal£ 
the surface, in which case you could 
ind and have the greater part of your 
;a<I above it ; of course it appears to be 
foot and a half shallower than it is j but 
fbot and a half is just the third paxt ot 
lur feet and a half. 

Charles. Can this be shown by experi- 
It? 

jggB^^Icalce thislar] 



pan, and with a piece of soft wax stick H 
piece of money at the bottom, but so ll 
you can just see it as you stand ; keep yM 
position, and I will pour in a quantity (J 
water gradually, and tell me the a 
since. 

Charles. The shilling rises cxscdy, i 
the same proportion as you pour in i 
water. 

Tutor. Recollect then, in future, t 
we cannot judge of (/iilancff so well ia n 
ter as in air. 

James. And I am sure we cannot j 
magnitudes : for in looking through 1 
sides of a globular glass at some gold H 
silver fish, I thought them very large ; I 
if I looked down upon them from the I 
Ihey appear much smaller indeed. 

Tutor, Here the convex or round shi 
of the glass becomes a magniRer, the real 
of which will be explained hereafter, 
fish will, however, look larger in waC 
than it really is. — I will show you anoth 
e^errmeal which depends «a uln 
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t u a ^ss goblet two-thirds full of « 

I throw into it a shilling, and place a 1 
: OQ the top of it, and turn it quickly 
', that the water may not escape. What 
lou see i 

"Aarlea, "iHierc is certainly a half crown 
oa the plate, and a shilling seems 
above it in the water. 
Vutor- So it appears indeed ; but it it 
sception which arises from your seeing 
piece of money in two directions at 
;, viz. through the conical surface of 
vater at the side of the glass, and 
lugh the flat surface at the top of the 
er. The conical surface, as was the 
ic with the globular one in wiiich the 
were swimming, magnifies the money ; 
by the flat surface the rays are only re- 
eled, on which account the money is seen 
jfaer up in the glass, and of its natural 

nearly so. 

yames. If I look sideways at the mo- 
foaJy see the large piece ; and it OtvVy 
^^"^^Lj£to Duurnl size and staM 
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Cfiarles. Look again at the fish 
glass, and you will see through the 
part two very large fish, and seeing 
from the upper part, they appear of 
natural size ; the deception is t 
with the shilling in the goblet. 

Tutor- The principle of refractit 
productive of some very important el 
By this the sun, every clear mornii 
seen several minutes before he comes 
horizon, and aa long after he sinks 
it in the evening. 

Charles, Then the days are longer thfl 
they would be if there was no such a thin; 
as refraction. Will you explain how tlu 
happens ? 

Tutor, I will : you know we are aur 
rounded with an atmosphere which ex 
tends all round the earth, and above i 
about the height of forty-five miles j not 
the dotted pnrt of Fig. S. represents tha 
atmosphere : suppose a spectator stand a 
«, and the sun be at a,- if there were ni 
Refraction} the person at s would not se 
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I n^ of the sun tUl he were aituate with 
tgard to the sun in a line s x a ; because 
hen it was below the horizon at i, 
)e raj-s would pass by the earth in the 
jrectioa b x zi but owing to the atmo- 
phere, and its refracting power, when the 
ays from b reach x, they are bent toward* 
iie perpendicular, and carried to the spec- 
Itor at 3. 

J tones. Will he really see the image of the 
iiD while it is below the horizon ? 

Tutor, He will ; for it is easj- to calcu- 
ite the moment when the sun should rise 
>d set, and if th:it be compared with exact 
bscrvation, it will be found that the image 
tf the sun is seen sooner and later than 
lis by several minutes every clear day. 

Charlgs. Are we subject to the same 
,nd of deception when the sun is actually 1 
bove the horizon ? 

Tutor, We are always subject to it 
^e ladludcs, and the sun is never 
jplace in the heavens where he appear*' 
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yames. Why in these latitudes i 
cularly ? 

Tutor. Because with us the sun is nCTM^ 
in the zenith, s, or directly over our headsfl 
^nd in that situation alone, his true i^ad 
in the heavens is the same as his appc 
pl.cc. 

Charles. Is that because there is no ri 
fraction when the rays tall perpendicul 
on the atmosphere I 

Tutor. It is : but when the aun (Plate 
I. Fig. 5.) is at m, his rays will not proceed 
in a direct line mo r, but will be bent out of 
their course ai o, and go in the direction o t, 
and the spectator will imagine he sees the sun 
in the line son. 

Charles. What makes the moon look so 
much larger when it is jusc above the ho- 
rizon, than when it is higher up ? 

Tutor. The thickness of the atmosphei 
when the moon is near the horizon, reib 
ders it less bright than when it is highi 
ttp^ which leads us to auppoae \\. w {■m^J 
'*^a the former case than'm ^ns\ass« 
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nd because we imagine it to be farther from 
0, we take it to be a larger object than when 
I is higher up« 

It is owing to the atmoaphere that the 
KSfent appear bright in the day time* With* 
tnt an atinosphere, only that part of the hea- 
vens would appear lominous in which the 
ion is placedi in that case, if we could live 
vhbottt air, and should sund with our backs 
to the aiiiit the who^ heaven^ would appear 
ai dark aa iiigbt. •' 
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CONVERSATION V. 



Definitions — Of the difTerent kind of 
IVIr. Parker's Burning Lens, and Uie eSeeid pro- 
duced by it. 



TUTOR* I must claim your attention 
to a few other definitions ; the knowledge 
of which will be wanted as we proceed; 

A pencil of rays is any number that pro- 
ceed from a point* 

Parallel rays are such as move always at 
the same distance from each other. ; 

Charles. That is something like the d^ 
finition of parallel Ihies.* But when you 



* Parallel lines are those ^«^cYiVkc^xi^\nSav>XO:>] 
tended never meet 
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idniitted the rays of light throuj»h the small 
iiole in the shutter, thev dirl not seem to 
Sow from that point in parallel linps. but to 
lecede from each oihcr in proportion to their; 
distance from that point. 
Tutor. Thev did ; and when thev do, 
IS recede from each other, as in this fi- 
gure (Plate t. Fip;. 6.") from c to c rf, then 
Jev are said to diverg-e. Bat if they con- 
Snually approach towards each other as in 
Moving from c </ to c, they arc said to coti- 
terffe. 
James. What does the dark part of this 
jure represent f i 

Tutor. It represents aglass lens, of which, 
lere are several kinds. , 

Charlea, Kow do vou describe a lens? i, 
Tutor. A lens is a glass Ejnund intOj, 
ich a form as to collect or disperse th& 
lys of liB;ht which pass throufi:h it. They 
•e of different shapf-s, from which they, 
ikc their names. They arp represented 
!re in one v)eif, (Plate i. F'ir. 7.^ k. is* 
" ^pe^ufafin % Jaal figure, «wi. "3 
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is called ^ platiO'Convex, because one side-fl 
flat and the other convex ; b is a p/ano con- 
cave, one side being _^at, and the other is 
concave: c is a double convex-lens, because 
both sides are convex ; d is a double con- 
cave, because both sides are concave ; and 
E is called a meniscus, being convex on one 
side, and concave on the other ; of thia k 
are all watch glasses. 

jfames. 1 can easily conceive of 4 
verging rays, or rays proceeding from > 
point ; but what is to make them converge, 
or come to a point ? 

Tutor. Look again to the figure (Fig. 
6-) now a, b, m, &c. represent parallel rays, 
falling upon c d ^ convex surface, of glass 
for instance, all of which, except the mid- 
dle one, fall upon it obliquely, and, accord- 
ing to what we saw yesterday, will be re- 
fracted towards the perpendicular. 

Charles. And I see they will all meet ia 
a certain point in that middle lie 

Tutor. That point c is called the^ocw*.- 

Kpart of this figure only represents 
i,aacdn^ 
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Ckafka. Have you drawn the circle to 
Blow tUe exact cur\'e of the different lenses J 

Tutor, Yes : and you see that parallel 
?»>■» falling npon a plano-convex lent (Fig. ' 

■) meet at a point behind it, t!ie distance t 
which, from the middle of the glass, 

exactly equal to the diameter of the sphere 
J which the lens is a portion. 

yames. And in the case of a double con- 

X, is the distance of the focus of parallel 
>ys, equal only to ihe radius of the sphere i 
■^iatc t. Fig. 8.) 

Tutor. It is : and you see the reason 

* it immediaiely ; for two concave sur- 

:es have double the effect in refracting 
lys to what a single one has : the latter 
linging them to a focus at the distance of 

t diameter, the former at half that distincej 

of the radius. 

Charles. Sometimes, perhaps, the two 
ides of the same lens may have different 
DTves : what is to be done then ? 

Tutor. If you know the radius of both 
curves^ the following rule will give you 
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" As the sum of the radii of bodi a 
or convexities is to the radius of eitherj ( 
double the radius of the other to the dis 
tance of tlie focus from the middle point.' 

Jamcn, Then if one radius be fou 
inches, and the other three inches, I say 
as 4+3 ; 4 : ; 6 : y*^:3f, or to nearly thre* 
inches and a half. I saw a gentleman light 
ing his pipe yesterday by means of thi 
sun's rays and a glass, was that a doubb 
convex lens ? 

Tutor. I dare say it was : and you'd 
see the reason of that which then you ri 
not comprehend : all the ra)-s of the SUD 
that fall on the surface of the glass (sW 
Fig. 8.) are collected in the pointy, fl 
in this case, may represent the tobaco 
the pipe. 

Charles^ How do you calculate the 1 
which ia collected in the focus i 

Tutor. The force of the heat coIlccte!E_ 
the focus is in proportion to the common heat 
of the sun, as the area of the glass is tO the 
am of the fe'cui : of course, it ina.v be t 
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red or even a thousand (imcs greotcriit 
le case than in tkc other. 
mes. Have I not hcurd you kay that 
t*.irker, of Fleel-sircct, made once a 
lai:ge lens, which he used as a buming- 

ttor. He formed one three feet in di- 

Ut and when'fised in its fnuae, it ex- I 

, a clear sttrface of more than two feet I 

inches la diameter, and its focus, by D 

S of another lens, was reduced to a J 

eter of half an inch. 'I'he heat pro- 1 

d by this was so great, that iron plates ' 

melted in a few seconds : tiles and J 
i became red-hot in a moment, and 

vitrified, or changed into glass : 8ul- ] 

, pitch, and other resinous bodies, ' 

I melted underwater : wuod-ashcs, and ') 
! of other vegetable substances, were 

Ed in a moment into transparent glass. .' 

iarles. Would the heat produced by ii . 
■all the metals f 

^tor. It would ; even gold was retv- 1 
F Suid ia a few seconds ; notV»'\th&t.anA- 

KthJs intense heat at tlie fotuM 
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die finger might, without the smalles' 
jury, be placed in the cone of rays wi 
an inch of the focus. 

yames. There was, however, I ah 
suppose, some risque in this experin: 
for fear of bringing the finger too neat 
focus. 

Tutor. Mr. Parker's curiosity led 
to try what the sensation would be at 
focus ; and he describes it like that 
duced by a sharp lancet, and not at al 
milar to the pain produced by the he: 
fire or a candle. Substances of a « 
colour were difficult to be acted upon 

Charles. I suppose he could make w 
boil ill a very short dme with the lens. 

Tutor. M the water be very pure 
contained in a clear glass decanter, it 
not be warmed by the most powerful \ 
But a piece of wood may be burned 
coal, when it Is contained in a decanti 
water. 
\Z'^ge. Will not the hew \>i«^ 
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Tutor^ It will scarcely warm it : 
iKUfCTer, a piece of metal be put in thi 
faler, and the point of rays be thrown o 
tlut, it will conimunicate heat to the v 
ind sometimes make it boil. The same ef-« 
/ect will be produced if there be some ink ■ 
thrown into the water. 
If a cavity be made in a piece of char- ' 
I coal, and the substance to be acted oq be 
put in it, the effect produced by the lens 
will be much increased. Any metal thus en- < 
closed melts in a moment, the fire sparkling J 
, like that of a forge to which the blast of u 
I beUows is applied. 
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CHARLES. I have been looking at the 
figures 6 and 8, and see that the rays falling 
upon the lenses are parallel to one aoother: 
are the sun's rays parallel ? 

Tutor. They are considered so : but you 
must not suppose that all the rays that come 
from the surface of an object, as the sun, or 
any other body, to the eye, are parallel to 
each other, but it must be understood of 
those rays only which proceed from a sin- 
gle point. Suppose s (Plate i. Fig. 9.) to 
be the sun, the rays which proceed from a. 
single point a, do in realty form a coney the 
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isK of which is the pupil ot" the eye, an^^ 
Ha height is the distance from us to thi 

yames. But the breadth of the eye itf| 
nothing when compared to a line ninety-fivft, 
millions of miles long. 

Tatar. And for that reason, the varioui 
l^ysthat proceed from a single point in (tw 
I sun are considered as parallel, because thi 
inclination to each other is iiiaensihle. 
same may be said of any other point 
Aow all the rays that we can admit by 
means of a small aperture or hole, must. 
proceed from an indefinitely small point of 
the aun, and tht-refore they are justlj' con- 
sidered as parallel. 

If now we take a ray from the point 
and another from c, on opposite points 
the sun's disk, they will firm a sensibli 
gle at the eye ; and it is from this angle 
£ C that we judge of the apparent size 
the sun. which is about half a degree 
aiDCter. 

Charles. Will the size of the pupil q^i 

the'eye make any difference with regard t^ 

the appearance of the object i 

£ 2 
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Tutor. The larger the pupil, the bright 
will the object appear, because the lai^g**" 
ihe pupil is, the greater number of rays it 
will receive from any single point of the' 
objt-ct. — And 1 wish to remember what 
have told you before, that whenever the fl| 
pearance of a given object is rendered k 
ger and brighter, we always imagine t" 
the object is nearer to us than it really ^ 
or than it appears at other times. 

James. If there be nothing to receive 
the rays (Fig- 8-) at /, would they cross 
one another and diverge \ 

Tutor. Certainly, in the same manf 
as they converged in coming to it; 
another glass f g, of the same convexity as 
u E, be placed in the rays at the same dis- 
tance from the focus, it will so refract theni» 
thai, after going out of it, they will be p 
rallel, and so proceed on in the san: 
ner as they came to the hrst glass. 

Charles. There is, however, this diffe- 
rence ; all the rays, except the middle one, 
have changed si«lea. 
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Tutor. You are right, the ray b, which 
mttred at bottom, goes out at the top 6 ; 
which entered a; the top, goes out 
)1 the bottom c, and so of the rest. 

If a candle be placed at J", the focus of 
ihe convex glns3, the diverging rays in the 
ijacepy^G, will be so refracted by the glass, 
■hat afier going out of it, they will become 
iralkl again. 
I ^ames. What will be the effect if the can- 
dle be nearer to the glass then the pointy"? 

Tutor. In that case, as if the candle be 
K Si (Plate II. Fig. 10.) the rays will di- 
itrerge after they have passed through the 
Mass, and the divergency will be greater or 
K3S in proportion as the candle is more or 
less distant from the focus. 
k Charles, If the candle be placed farther 
prem the lens than the focus/, will the rays 
nieet in a point after they have passed 
through it ? 

» Tutor. They will : thus if the candle be 
jplaced at g, (Plate li. Fig. 11.) the rays, 
wer passing the lens, will meet at s:; and 
" is point X will be moreat less dUtiw^ftoia 
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the glass, hs the candle is nearer to, et 
ther from its focus. Where the raj's n 
they form an infcrtfrf image of the fiame 
the candle. 

James. Whv so ? 

Tular. Because that is the point wl 
the rays, if ihey are not stopped, cross « 
Other : m satisfy you on this head, I 
hold in that point a sheet of paper, and 
now see that the fiame of the caadle if 
verted. 

yames. How is this explained ? 

Tutor. Let A B c (I'bte ii. Fig. 12.) 
represent an arrow placed beyond the focus 
t, ol a double convex lens d ef, some rays 
will flow from every part of the arrow, and 
fall on the lens ; but we shnll consider only 
those which flow from the points a, b, and 
C. The rays whi 'h come from a, as a d, 
i. e, and a^, will be refracted by the lens, 
and meet in A. Those which come from 
as B </, B f, and i J, will unite ii 
those which come from c, will unite in c 

CAarles. I see clearly ^ow \!cve twj* 
s/c refracted, and unrtc\a b iXivAft 
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|o evident with regard to those Irom the 
Otreroities A and c> 

. Tutor. I admit it; but you must remema 
ket the difficulty consists in this, the ray» 
bll more obliquely on the glass from those 
{eints than from the middle, and therefore 
4k refraction is very different. The ray b W 
IBlhe centre suffers no relraction, b d'is re- 
fiacted into 6 ; and if another ray went 
fiom H, as N if, it would be refracted to n, 
IDmewhere between b and a, and the rays 
mm A must, for the same reusoo, be refract- 

t yames. If the subject a b c is brought 
■earer to the glass, will the picture be re- 
ived to a greater distance i 
Tutor. It will : for then the rays will fall 
ifc diverging upon the glass, and cannot 
so sonn collected into the corresponding 
lints behind it. 

Charles. From what you have said, I 
that if the object a b c be placed in r, 
le rays, after refraction, will go out par il- 
to one another; and if brought neartT «* 
glass ihaa f, then they will diveig^ itofll 
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,* CHue another, so that in neither case an ims; 
trill be formed behind the lens* 

yamea. To get an image, must the 
ject be beyond the focus f ? 

Tutor. It must : and the picture will 
fetgg;cr or less than the object, as its dist 
Ifemthe glass is greater or less than thci 
ttnce of the object j if A B c (Fig. 12.) 
ihc object, c i a will be the picture i and 
t & A be ^e object, a b c will be the picti 
Charles. Is there any rule to find the 
Itnce of the picture from the glass 7 

Tvtor. It you know the focal dist 
of the glass, and the distance of the obj 
Ironi the glass, the rule is this : 

*' Multiply the distance of the focus, 
the distance of the object, and divide 
product by their difference, the quotient 
the distance of the picture." 

James. If the focal distance of the glas» 
tie seven inches, and the object be nine ' 
ches from the lens, I say, 

J21^=.2i!=.31i inches of course the 
Awe will be very muc\\ \aT6.« -toaa-atw 
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For, as yoa have said, the picture is' 
luch bigger or, less than the object, as its 
nee irom the glass is greater or less 
the distance of the object* 
utor. If the focus be seven inches, and 
ibject at the distance of seventeen inches, 
^ distance of the picture willbefouM 

OB 12 mches mcmjm 
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naiow shutter of a room from 
£ght is excluded except what 
through this glass. 

Charles. Of what does this i 
consist 7 

Tutor. Of a frame a b (Hai 
13') and a ball of wood c, in ' 
glass lens ; and the ball moves ea 
frame in all directitins, so that tl 
any surrounding objects may bi 
through it. 

James. Do you screw this i 
the shutter \ 

Tutor, Yes, a hole is cut in 
purpose; and there are little brass 
loiiging to it, such as those market 
it is fixed in its place, a screen n 
at a proper distance from the lens 
on it images of the objects out 
niiis instrument is sometimes cal 
tificial eye. 

. Charlei' In what respects ia 
e? 
■ Tttfor. The frame has been 
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t wooden ball to the whole globe of the 
whole in the ball represents the 
JBpil, the convex lens corresponds to the ' 
iystntine humour,* and the screen to the 

'James> The ball by turning in all direc- 
faaa is very like the eye, for without mov- 
Ig the head I can look on all sides, and up- 
FUds and downwards. 
VTutor. Well, we will now place the 
teeen properly, and turn the ball to the J 
prden : — Here you see all the objects per- • 
fcdy expressed. 
yames. But they are all inverted. 
Tutor. That is the great defect belong- 
10 this instrument ; but I will tell you 
it may he remedied : take a looking- 
is and hold it before you with its face to- ■ 

the picture on the screen, and inclin- 

a little downwards, and the images will . 

ir erect in the glass, and even brighter 

they were on the screen. . 
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^^^Kfarles. You have shown us in ^ 

^Tlfcier the raya of lighi are refrdctej 

convex lenses, when those rays are panj 

Will there not be a difTerenceiftherayBd 

verg'e. or diverge before they enter the Icj 

Tutor. Certainly : jf rays convergel 
fore they enter a convex lens, they wiR 
collected at a point nearer to the lens,l 
the focus of parallel rays. Bui if them 
verge before they enier the lens, them 
then be collected in a point beyond the b 
of parallel rays> , { 

There are concave lenses as well as ^ 
vex, and the refraction which takes plat 
means of these diflers from that whljl 
bave already e^cplained. 

Charles. What will the effect of r 
tion be, when parallel rays fall Upon a fl 
ble concave lens? J 

Tutor. Suppose the parallel rays a, 5,1 
&c. (Plate II. Fig. 14.) pass ihroughl 
lens A B, thev will diverge after they b 
passed through the glass. ]' 

James, Is there any rule for ascertud 
^^bfi degree of divergency 7 ^ 
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Tulor. Yes ; it will be precisely s( 
if the rays had come Troin a radiant poii 
1, which is the centre of the concavity 

Ghariea> Is th^t point called the focus ? 

Tutor. It is called the virtual or ima^ 
nary foctin. Thus the ray a, after passing 
through the glass a b, will go on in the direc- 
tion ^ A, as if it had come from the point 
and noglass been in the way: the rayi, wouU 
go on in the direction m n, and the ray e ii 
the direcuon r j, and so on. The ray c ] 
in the centre sutfers no refraction, but prq 
ceeds precisely as if no glass hid been | 
ibe way. 

yames. Suppose the lens had been cob 
cave only on one side, and the other sid 
bad been flat, how would the rays have d\ 
verged? 

Tutor. They would have diverged aft« 
passing through it. as if they had tome froi 
a radiant point at the distance of a whole d! 
ameter of the convexity of tiie lena. 

C^'irAft. There is then a great e\mvVOT 



in the refraction of the convex and ca 
lens. 

Tutor. True ; the ficus of a doubli 
vex is at the distance of the radius of 
vejtity, and so is the hnaginary factts t 
double concave ; and A^e. focus of the ^ 
convex is at the distance of the diamej 
the convexity, and so is the imagiimry^ 
of the piano concave. 

You will find that images formed' 
concave lens, or those formed by a t 
lens, where the object is ■wil/iin its pril 
focus, are in the same position with til 
jects they represent : they are also ii 
ry, for the refracted rays never meet I 
foci whence they seem to diverge. 

But the images of (objects placed b^ 
the focus of a convex lens are inverted 
real, for the refracted rays do meet at 
r foci. 
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t)f the Nature and Advantages of Light-— ^f 
tlie Separation of the Rays of Light by means 
of a Prism-— And of compounded Ray?, Stc. 

TUTOR* We cannot contemplate the 
ature of light without being struck with 
^e great advantages which we enjoy from 
^ Without that blessing our condition 
^ould be truly deplorable. 

Charles. I well remember how feelingly 
lilton describes his situation after he lost 
is sight : 
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Seasons return; but not to ine returns 
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Day, or the sweet approach of ev*n or mom. 
Or sight of vernal bloom, or summet^s roae^ 
Or flocks, or herds, or bumaa face divine ; 
But cloud instead, and ever-durin^dark 
Surrounds me, from the cheerful ways of men 
Cut off, and for the book of knowledge fair, 
I*resented with an universal blank 
Of Natures works, to me expung'd and raz'd« 
And wisdom, at one entrance, quite shut out. 



Tutor. Yet his situation was rendered 
comfortable bv means of friends and rela- 
tions, who all possessed the advantages of 
light. Bat if our world were deprived of. 
light, what pleasure or even comfort could 
we enjoy. " How," says a good writer^ 
*' could we provide ourselves with food, 
and the other necessaries of life ? How 
could we transact the least business ? How 
could we correspond with each other^ or 
be of the least reciprocal service without 
light, and those admirable organs of the 
^dy^ which the Ommpotent Ct^^x»\ >kmu 



OF THE DIVISIONS OK UGHT, 69 

ipted to the perception of this inestima- 
benefit?" \ 

yames. But you have told us that the 
[ht would be of comparatively small ad- 
itage without an atmosphere. 
Tutor. The atmosphere not only re- 
^racta the rays of the light, so that we en- 
■^-y longer days than we should without it, 
,t occasions that twilight, which is so be- 
ificial to our eyes ; for without it the ap- 
; and disappearance of the sun 
luld have been instantaneous ; and in 
'ery twenty-four hours we should have 
[perienced a sudden transition from the 
nghtest sun-shine to the most profound 
knessi and from thick darkness to a 

of light. 

Charles. 1 know how painful that would 
be, from having slept in a very dark room, 
id having suddenly opened the shutters 
(hen the sun was shining extremely bright. 
Tutor. The atmosphere reflects also 
; light in every directior, and if there 
!rc HO atmosphere, the sun would benefit 
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those only who looked towards it^ and to ( 
those whose backs were turned to that Ici* 3 
minary it would all be darkness. Ought ve 
not therefore gratefully to acknowledge the 
wisdom and goodness of the Creator, who * 
has adapted these things to the advantage 
of his creatures; and may we not with 
Thomson devoutly exclaim : 

How then shall I attempt to sing of Him 
Who, li^ht himself, in uncreated light 
Invested deep, dwelb awfully retir'd 
From mortal eye, or angel's purer ken ; 
Whose single smile has, from the first of time^ 
Fill'd, overflowing, all yon lamps of heaven. 
That beam for ever ihrougli the boundless sky : 
But, should He hide his face, th* aslonish'd 8im» 
And all the extinguished stars would loosening red 
Wide lirom their spheres, and Chaos come again.— 

% 

I m 

James. I saw in some of your experi- 
ments that the rays of ligl\t» ^xstx i^^k^^W^ 
hrough the g/o^s, were tiu^ed V\t>\ ^\fex- 
sor colours, what is the reason oi tVv\^>. 



Tiittr. Formerly light was Bupposed 
K be a simple and un compounded body ; 
Isaac Nt-wtoD, however, discovered 
it was not a simple substance, but waa 
imipoaed of several parts, each of which 
b fact a difTerent degree of refrangi- 

Charles' How is that shown ? 
^utor. Let the room be darkened, and 
tt there only be a very small hole in the 
lutter lo admit the sun's rays ; instead of 
lens I lake a triangubr piece of glass, 
illed a priem ; now as in this there is no- 
itig to bring the rays to a focus, they will, 
passing through it, suffer different de- 
eea of refraction, and be separated into 
! .different coloured rays, which being 
wived or a sheet of white paper will ex- 
tit the seven following colours : red, 
oriffe, yeiioiv, green, b/ue, indigo, and 
i/rt; and now you shall hear a poet's dcs- 
iption of them. 
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-First the flaming red 



Sprung vivid forth ; the tawny orange next : 
And next delicious yeU^ \ by whose side 
Fell tlie kind beams of all-refreshing jt0M« 
Then the pure blue\ that swells autumiui skie 

Ethereal play'd \ and then of sadder hu^ 
Emerg'd the deepen'd indigo^^B when 
Tlie heavy skirted evening droops with frost. 
While the last gleamings of refracted light 
Dy'd in the fiiinting viokt away. 



.;[' James. Here are all the colours o 

rainbow : the image on the paper is ; 

- 1- 

:i \ of oblong. 

I Tutor* That oblong image is u 

' called a spectrum^ and if it be divide 

360 equal parts, the red will o 
■1 forty-five of them, the orange twen 

: ven, the yellow forty-eight, the grec 

the blue sixty each, the indigo fort] 

the violet eighty. 
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ftcbri*. The shade of dSflerence in 
Ktne of these colours seems very small in- 

W Tjtisr. Tou are not the only person who 
Bs made this observauon; some experi- 

lental philosophers say there are but three 

figinal and truly distinct colours, viz, the 

if, yellow, and blue. 

Charles. What is called the orange is 
irely only a mixture of the red and ycUo*, 
itween which it is situated. 

Tlilor. In like manner the green is aaid 
be a mixture of the yellow aod bine, 

I the violet is but a f^iAer tinge of the 

ligo. 

yantes. How is it then that light which 

psists of different colours, is usually seen 

white ? 

Tutor, By mixing the several coloura 
due proportion white mny be produ- 

id. 

yamea. Do you mean to say that a mis- 
frf red, orange, yellow, green, blue. 



indigo, and violet, in any proportion, will 
produce a while i 

Tutor- If you divide a circular stirbrt 
into 360 parts, and then paint it in the pro* 
portion juat mentioned, that is, forty-five 
of the parts red, twcntj'-seven orange, 
forty-eight yellow, Eic. and turn it round 
with great velocity, the whole will appear 
of a dirty white* and if the colours were 
more perfect the white would be so too. 

James. AVas it then owing to the se- 
paration of the different rays, that I saw 
the rainbow colours about the edges of die 
image made with the lens i 

Tutor. It was : some of the rays were 
scattered, and not brought to a focus, and 
these were divided in the course of refrac- 
tion. And I may tell you now, though I 
shall not explain it at present, that the 
rainbow in the heavens is caused by the 
separation of the rays of light into theif 
'-nmponent parts. 

I ^J 
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i 

t^arb$k . And was that the cause of the 

colours which we saw on some soap bub* 

Ues wUch James was making with a to* 

hacco-ppe? 

I 

7fi/0r. It was. 



I 



« 




convebsahon 



CHARLES. Afitr tHaX yoQ nld ftst 
terday, I am at a loss to know the anK 4J^. 
different ccdoun ; the cloth cm thb aIiIb 
is green ; that of which my coat i» inadt 
is blue, what makei die difierence in dioe? 
Am I to betieve the poet, that 

Colonn are bat pbantom* of the day. 
With that they're bora, mth Unt thi^ ftde Mr^i 
I^ke be»uty*s chirtni) Ib^ bat umue the (igit^ 
Dark in dtenwelrat, till by reflMtion bri|^ I 
With the lun'i ud to rind him they boutr 
But light iritlidnv, in thtii own «b*Aftt mc Ioil 
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Tutor. AU colours ure supposed to exist 
]y in the light of luminous bodies, such 
the sun, a candle, &c- and that Hgh( fall^ 
; incessantly upon different bodies is sepa- 
ted into its seven primitive colours, somft 
which arc absorbed, while others are re- 
acted. 

James. Is it from the reflected rays that 
re judge of the colour of objects ? 

Tutor. It has gsnerally Ijeen thought so (. 
bus the cloih on the table absorbs all the; 
ays but the green, which it reflects to the, 
^e ; but your coat is of a different texturet 
id absorbs all but the blue lij-s. 
Charles- Why is paper and the snoV^ 
hite! 

Tutor. The whiteness of paper is occa^ 
noned by its reflecting the greatest part d^ 
31 the rays thai fall upon it. And cvery^ 
bke of snow being an assemblage of frozci\ 
■lobules of Water sticking together* reflccUl 
nd refracts the light that. falls upon it in all 
lirecitoD3 aa as to mix it verj inlivna.t.tlY« 
td produce a tvhltt: jniiige on the eye- -; 
.-&WW. n^cs the nhitenesa oiAxeM:^ 
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light arise from a mixture of all the pr 
colours 7 

Tutor. It does, as maybe easily p 
by an experiment, for if any of the 
colours be intercepted at the lens, the 
in a great measure loses its whiteness, 
the prism I will divide the ray into its 
colours,* I will then take a convex 1 
order to re-unite them into a singl 
which will exhibit a round image of 
ning white ; but if only five or six of 
rays be taken with the lens, it will proi 
dusky white. 

Charles. And yet to this white col 
the sun we are indebted for all the fi 
lours exhibited in nature : 

Fairest of beings ! first created li.^ht ! 
Prime cuuse of beauty ! for from thee alone. 
The sparkling gem, the vegetable race. 
The nobler worlds that live and breathe, their c 
The lovely hues peculiar to each tribe, 
From thy untailing source of splendour draw. 

MAL 



A figure will be given on this subject with 
» Conversation XVIII. on the Rainbow. 
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call 



^'aisr. These are very appropriate li 
fcr wiihaui light the diamond would lose 
ils bwutj'. 

James. The diamond) I know, owes tta 
brilliancy to the power of reflecting almost' 
all the rays of light that fall on it : hut atf 
Vegetable and animal tribes equally indebt- 
ed to ii f • 
Tutor. What does the gardener do to 
make his endive and leUucL's white I 
Charles. He ties them up. 
Zt/Wr. That is, he shuts out the ligh^ 
and by this means they become blaoched> 
I could produce you a thousand instances 
to show, not only that the colour, but even 
the existence of vegetables, depend npos 
light. Close wooded trees 
leaves on the outside, such is the cedar i] 
the garden. Look up the inside of a ye' 
(ree, and you iviil see that the inner brand 
are almost, or almgether barren of leavi 
Geraniums and other green-house plani 
turn their flowers to the light; and pinna 
in general, if doomed to darkness, soon 
Sicken and die. **" 



' ^imnt . Tbert ^ some Sowers, the p 
tab c£ wliich we, in different parts, of tli 
ferent colours, how do you account for thii 
31<tor. The fiover of the hearts-ease 
of thu kindt and if examined nitb a goc 
tawxoKOpe^ it irill be found that the textm 
of the blue and ydbw parts is very differet 
The texture of the leaves of the whi 
sod red rote it also dilTcrcnt. Clow 
also which sre.BQ various in their coLou 
are undonbtcdfy more or less dense, as it| 
as being difieteody placed with regard 
the e^ f^ -^e spectator ; but the whc 
depends on the light of the sun for thi 
beauQ'', to.which the poet refers :— 
But see, the fluh'd kgriioa Brawt intoiM 
With n*id red, in tioh profii^oo stnaifi'il ' - 
O'er hewa> p«nB iidi. AtimeetteelMidtHB 
Their g^eat liveriei ; thet* with iHveTy faeum 
Fring'd Lonly i ^kndid that in liquid goU: 
And ^eak their aovtrBga't state. Ue eoiiiM,bAa 
Fountain of light md colourt wvmih imI Ufe ! 
The king of glorf ! 

CharU*. Are we to luiderstand diat 
colours depetid od the reflection of the sei 
ral colotircd rays of li^Ht ! 
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This seems to have been the opj. 
of Sir Isaac Newton ; but he concluded 
frnn various experiments on this subject 
everj- substance in nature, pr> vided it 
be reduced to a proper degree of thinm-sS) 
B transparent. Many transparent media 
tdect one colouri and transmit another 
jDld'Ieaf reflects the yellow, but it transmit 
sort of green colour by holding it up 
^gainst a strong light. 

Mr. Delaval, a gentleman who a few 
jcars since made many experiments tc 
pertain how colours are produced, under* 
Jakes to show that they are exhibited by 
.fraoBmitted light alone, and not by reflected 

do not see how th^t can be 
Ac case with bodies that are not transpa- 
rent. 

Tutgr. He infers, from his experiments^ 
Vhich you may hereafter examine for your- 
telires, that the original fibres of all sub- 
Itwcesr when cleared of heterogeneous inat- 
ler, are perfectly white, and that the rays of 
Bght are reflected from these white ijarti- 



cles through the colouring mttti 
which they are covered, and i 
colouring matter serves to intercej 
tain rays in their passage through il 
a free passage being left to other 
will exhibit, according to these cin 
ces, different colours— The red c 
the shells of lobsters after boiling, h 
is only a superficial covering spre4 
the white calcareous earth, of \ 
shells arc composed, and may be i 
by scraping or filing. Before the app| 
of heat it is so thick as to appear b 
iog loo thick to admit the passage o 
ihe shell and back again. The ( 
same with feathers, which owe their 
to a thin layer or transparent nutti 
white grountL 
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CONYERSATION X. 



Reflected Light, aud Plain Mirrorf. 

TUTOR* We now corae to treat of a 
different species of glasses^ viz. mirrors^ of 
or, as they are sometimes called, specula. 

Jdmesm A looking-glass is a mirror, is it 
not? 

Tittor. Mirrors are made of glass, silver- 
cd on one side ; they are also made of high* 
iy polished metal. There are tftree kinds 
of mirrors, the fiairij the conveXf and the 
concave* 

Charles. You have shown us that in a 
kx)kbg-glass or plain mirror, ** The angle 
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•■' V *•, 

i:..y ** of reBection is always equal to tl 

; 'HII " of incident."* 

' \tli Tutor* This rule is not only ap 

|M to plain mirrors, but to those which i 

vex and concave also, as I shall sh 
to-morrow. But I wish to make sc 
|( servations first on pUun mirrors. 

first place, if you wish to see the o 
image of yourself in a plain mirror < 
ing-glasSf it must be half as long as 
high. 

James. I should have imagined tl 
'*^*{' must have been as long as I am hi{ 

Tutor. In looking at your imag 
«^.. ; ; glass, does it not seem to be as far 

the glass as you stand before it. 

James* Yes : and if I move forw 
backwards, the image behind the glas 



jJlH to approach or recede. 



Tutor. Let a A (Hate ii. Fig. 
■^ I'll the looking-glass, and a the spectator 

V j< ing opposite to it. The ray from 



aesz 



W •See p. IS. 
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be reflected in the same line A e, but 
: ray c i flowtog from his foot, in ordt 
be seen at the eye^ must be reflected bjfiJ 

line b A. 

Charles. So it will, for if »■ 6 be a line' 
Tpcndicular to the glassr the incideol an* 
! bptU be c *> *. equal to the reflected angle, 
ix. 

Tutor. And therefore the fool will ap- 
iftr behind the glass at d along the hue A 
D, because that is the line in which the 
y last approaches the eye. 
James. Is that part of the glass a b inler- 
pied by the lines a b and a d, equal ex-' 
lly to half the lengh of b n, or A t ? 
Tutor. It is; &. ab and A b d may be 
Ipposed to form two triangles, the sides of 
hich always bear & fixed proportion to one 
lother ; and if a b is double of A a, as, ia 
13 case it is, s d will be double of a b, or 
least of that part of the glass intercepted 
r A B and a d> 

Charles. This will hold true, I see. stand 
what distance we please from the 
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T2itir. If you walk towards a lool 
glass, your image will approach, but w 
double vdocity, because the two moiton 
equal and contrary. But if, while you : 
before a looking-glaf.5, your brother 
up to you from behind, his image wil 
pear to you to move at the same rate ! 
walks, but to him the velocity of the ii 
will appear to be double ; for with ri 
to you, there will be but one motion, bul 
regard to him, there will be two equa 
contrary ones. 

James, If I look at the reflection 
candle in a looking-glass, I see in fact 
images, one much fainter than the i 
what is the reason of this ! 

'i'utor. The same may be observ 
any object that is strongly illuminatec 
the reason of the double image is, that 
of the rays are immediately reflected 
the upper surface of the glass which 
the faint image, while the greater p 
them are reflected from the farther ai 
or silvering part, and form the vivid i 
To sec these two images you must 



i 
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Itirap, and not directly before i 

Brfc«. What is meant by the expr 
iof *• An image being formed behind 

gr> It is intended to denote that tl 
ed rays come to the eye with ihesan 
lacliDatioD as if the object itself weir act 
J fly behind the reflectnr. If you, Mandia 
J (none side of the room, see the image o 
1 JDor brother, who is on the other side, i 
[J fte looking-glass, the image seems to \ 
I fbmied behind the glass, thai is, the r 
I came to your eye precisely in the s 
I U they would if your brother himself si 
I m that place, without the intervention of 

I ^^• 

Jamet. But the image in the glass i 
so bright or vivid as the object. 
Tutor. A plain mirror is in theory supi 
I posed to reflect all the light which falls u{M 
t, but in practice nearly half the light ia 
■t of the inaccuracy of t^ 7Q" 

Fallot been said, that 



medus, at the se'ige of Syracuse, bui 
the ships ot Marcetlus, by a machine com 
aed of mirrors i 

Tutor. Vea : but we have no certaia ^ 
counts that may be imphcitly relied on. 
Buffun, about fifty or sixty years ago, bu 
cd a plank at the distance of seven^ q 
Vith forty plain mirrors. 

James. I do not see how they cau act 
burning glasses. 

Tutor. A plain mirror reflects the light 
and heat coming from the sun, and ivill it' 
luminate and heat any substance on nhich 
they are thrown, in the same manner as 'li 
the sun shone upon it. Two mirrors « 
reflect on it a double quantity of heati ! 
if 40 or 100 mirrors could be so placed 
to reflect ftom each the heat coming fi 
the sun, on any particular substance, 
would increase the heat 40 or 100 time^l 
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CONVERSATION XI. 



Of Concave .Mirrors—-their Uses— how lliey »ct. 

yAMES. To what uses are concave 
lirrors applied ? 

Tutor, They are chiefly used in re- 
nting telescopes ; that is, in tellescopes 
idaptcd to viewing the heavenly bodies, 
^d as you like to look at Jupiter's litde 
bioons and Saturn's ring through my telle- 
Icope, it may be worth your while to take 
tame pains to know by what meana thU 
pli:asure is afforded you> 

CharJex. I Bh;ill not object to any ai 
lion necessary to comprehend Uie principle* 
these instruments are ibitncd* 
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Tutor* A B (Plate ii. Fig. 16.) teprc* 
sents a concave mirror, and ab^cd^ e/^ three 
parallel rays of light falling upon it. c is 
the centre of concavity, that is, one leg of 
your compasses being placed on c, and then 
open them to the length c df and the other 
leg will touch the mirrqr a b in all its parts^ 

James* Then all the lines drawn from 
c to the glass will he equal to one anotheff 
as c ^, c dy and cf? 

Tutor, lliey will : and there is another 
property belonging to them ; they are aD 
perpendicular to the glass in the parts where 
they touch. 

Charles* That is c i, and c^are perpendi* 
cular to the glass at b Sindjy as well as c dzid* 

Tutor. Yes, they are :— k: ^ is an incident 
ray, but as it passes through the centre of 
concavity, it will be reflected back in the 
same line, that is, as it makes no angle of 
incidence, so there will be no angle of reflec- 
tion : a bis Bn incident ray, and 1 want to 
Jtnow what will be iVie d\ntQ.iS«itL ^l ^Scwt itt.'- 

'ed ray i 
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Ciartes. Since c £ is perpendicular to tbt J 
us at ^1 the angle of incidence is aire; an(^ J 
the angle of reflection is always equal at I 
; angle of incidence, I must make another J 
Igle, sL&cbm, equal to a 6 C,* and then the 
^ ffi is thjt in which the incident ray will 
pve after reSeclion. 
Tator. C:in yoU( James, tell me how tO 
the line in which the incident ray ^ y will 
re after rcfltciion i 
yames. Yes : I will make the angle cftn 
oallo eft, and the lincy"m will be that ia 
lich the reflected ray will move; thereforo 
~n reflected to the same point maaab was* 
Tutor. If, instead of two incident raya, 
Y number were drawn parallel to c d, they 
luld every one be reflected to the same 
int m ,- and that point which is called the 

• To make an sngle c 4 m. cqtiij to »nolher given 
as a A 0. From i as a centre wilh any radius b Jn 
ribe Uie ITC x a, which w U cut c i in :, take the 
mcc X s in your compasses, and set off willi il ■ 

t/iea draw ihu liiie S o iBf ^ad iJie angle n k 



fiau iff paraBd rm/t b distant fmn 
fiittTOl^ei)aal to balf tlie radius c d. 

y«M«r. TTien we miy easily fine! the 
w^out die trouble of drawing the a 
merely by binding Um radius of cone 
Into two equal parts. 

TattTw Tou may>— The rays, as wc 
allvadjr obMTTcd, irilich proceed from 
point t>ir a celesdal object may be estci 
jmrallelutheearllit and therefore thei: 
of that punt win be fbrnied at m, 

Cherkt. Do you mean that all the 
flowing from a point of a star, and f 
upon audi a mirror. wiU be reflected I 
pcnnt iRf whq« the image of the sta 
appear? 

'^titor. I do, if there be any thing < 
point m to receive tlie innnge. 

yamtt, ViU not the same rule hole! 
regard -to tetrtatrial objects ? 

Tutor* No : fiar tfie ray» which pr 

firom any terreBtrial object, however re 

eanbot be esteemed atxicdy yjcnSVd 

*5erefcre come ^ergvn^i aw* ""rSi 
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■rerged to a aiagie poinl, at the dUtanca 
' half the radius of tbc oiirror's concavi^ 
a the reSecting surface ; but in aq 
i(f, at a liitle greater distance from tbe 
ror than half the radius. 
Charles. Can you explain this by a GgureF 
TtU9r. 1 will endeavour to do so. Let 
s (Plate II. Fig. 17-) be a concave mirrori 
due any remote object, front every part 
which rays will proceed to every point of 
B mirror ; that is, from the point m rays 
ill Sow to every point of the mirror, and so 
ey will from e, and from every point be* 
een these extremities. I>et us see where 
rays that proceed from M to a, c, and S 
ill be reflected, or, in other words, where 
e image of the point M will be formed. 
James. Will all the rays that proceed Froni 
B, to different parts of the glass, be reflected 
Id a single point \ 

'■ Tutor. Yes, they will, and the difficulty it 
b find that point : I will take only three ray» 
■nt con fusion, viz, n A, M C, H B i MW 
^ ^ eeatre of coacavity of the j^W*- 
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Charles, Then if I draw c a, ihatK 
he perpendicular to the glass at the pt 
the angle m a c is now giveni and ibj 
gle of incidence. 

James. And you must makeatu 
to it as you did before. 

Tutor. Very well : make c i 
H A c, and extend the line A ■ 
length you please. 

Now you have an angle m c c mac 
the ray m c, and the perpendicular c c, 
is another angle of incidence. 

Charles. I will make the angle of 
tion c c z equal to it, and the line c 2 
produced, cuts the line a x in a pat 
point, which 1 will call m. 

Tutor. Draw now the perpendicul 
and you have with it, and the ray m 
angle of incidence m b c : make anoti 
gle equal to it, as its angle of reilecli 

James. There it is c B w, and I f 
line B u meets the other lines at the p 

Tutor. Then m la the point in y/h 
the reflected rays of M will convi 



in wt 
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one the image of the extremity M of tbe 
tow s M will be formed at m. Now the 
me might be shown of every other part of 
le object if £, the image of which will be 
tpeaented by etfk^ which you see is at a 
l^eater distance from the glass than half 
c c, or radius. 

Charles, The image is inverted also, and 
fcu dian the object* 



*YP 
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•e Klltrors, !Uid Experiments on Ibenii 

TUTOR- If you understand what 
conversed on yesterday, and what you b 
yourselves done, you will easily see h 
the image is formed by the large coM 
mirror of the reflecting telescope, wbea 
come to examine the construction of 1 
instrument." In a concave mirror the in 
b less than the object, when the objeC 
more remote from the mirror than c, 
centre of ttrcavity, and in that case the 
age is I- **• vO the object and mirror. 

Jamt. Suppose the object be place 
the centre C ? 
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PViMr. Then ihe image and object will 
icide : and if the object is placed nearer 

ke glass than the centre c, then the image 
be more remote, and bigger than the 

iect. 

Charles. I should like to see this illustra- 

1 by an experiment. 

TtOor, Well, here is a large concave 
rror : place yourstlf before it, beyond 
i centre of the concavity ; and with a lit- 
eare in adjusting your position, you will 
; an inverted image of yourself in the air 

stwcen you aad the mirror, and of a less 
K than you are. When you aee the im- 
p, extend your hand gcndy towards the 
tu, and the hand of the image will advance 
meet it till they both meet in the centre 
'the glass's concarity. If you carry your 

ind Still farther, the hand of the image will 

ksa by It, and come between it and the bo- 
r: now move your hand to either side, 
id tHe image of it will move towards th^ 
her. 

James. Is there any rule for finding tiie 
Vol. III. X 



Cltarlea. Is the image thea behind t) 
nurror? 

Tutor. It is ; and farther behind tl 
mirror than the object is before it. Let ^ 
(Plate m. Fig. 18.) be a mirror, and X 
the object between the centre k of the 
and the glass itself; and the image a: y 
will be behind the glass erect, curved, ai 
magnified, and of course the image is fai 
ther behind the glass than the object is b 
fore it. 

James. \Fhat would be the effect if, S 
stead of an opaque object x z, ; 
one, as a candle, were placed in the focus 
3 concave mirror \ 

Tutor. It would strongly illuminate 
space of the same dimension as the mirror 
agreat distance : and if the candle were at 
nearer the mirror than the focus, its rJ 
will enlighten a larger space. Hence j 
may understand the construction of mj 
of the lamps which are now to be seen 
many parts of London, and which are i] 
doubtedly a great improvement in ligl 
the streets. 
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CONVERSATION XIII. 



Qf Concave and Convex Mirrors. 



TUTOR. We shall devote another moni- 
ing or two to the subject of reflection from 
mirrors of different kinds. 

Charles* You have not said any thing 
about convex mirrors, and yet they are now 
very much in fashion in handsome drawing- 
rooms : I have seen several^ and alwavs ob- 
served that the image was very much less 
than the object. 

Tutor* A convex mirror is an ornamental 
piece of furniture, especially if it can be 
placed before a window^ either with a good 

1 2 



prospect, or where there arc a number 
persons passing and repassing in their ( 
ferent employments. The images refleci 
from these are smaller than the objects, en 
and behind the surface, therefore a landsci 
or a busy scene delineated on one of the 
is always a beautiful object to the eye. 1 
the same reason a glass of this kind in a rcN 
in which large assemblies meet, farms an t 
tremely interesting picture. You mayeaa 
conceive how the convex mirror diminish 
objects, or the images of objects, by con 
dering in what manner they are magui 
by the concave mirror. If a- jf z (Fig. 
were a straight olyect before a convex mi 
A C, the image by reflection would be X9 
James- Would it not appear curved? 
Ttiter. Certainly : for if the object ht^ 
right line, or a plain surface, its image n 
be curved, because the different points of' 
object are not equally distant from the red 
tor. In fact, the images formed by corn 
I mirrors, if accurately compared with the 
I Jccts, are never exactly ot \W ^■amt -,W^«, 
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Charles. I do not quite comprehend it 
r what manner reflection takes place at a en 
I nr miirOr. 

Tutor. I will endeavour by a figure t 
[ make it plain ; c D (Plate iii. Fig. 19.) re- 
1 presents a convex mirror standing at the eml 
m, before which the arrow a b ia J 
i on cn£ side or obliquely : where must J 
ECtator stand to see the reflected Im- 



Charles, On the other side of the 
Tutor. The eye e will represent that aitu. 
ition:— the rays from the external parts of 
the arrow, a and b. flow convergingly 
A a and b £, and if no glass were in the wai 
they would meet at p ; but the glass reflet 
the ray a a along a e, and the ray B b alot 
i I ; and as we always transfer the image 
of an object in that direction in which the 
Mys approach the eye, we see the image of 
1 along the line e a behind the glass, and the 
image of B along e 6, and, of course, 
image of the whole arroff is at ».. 
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Hy means of a similar diagram, I 
show you more clearly the principle of 
concaoc mirror. Suppose an object e (1 
III. Fig. 20.) to be beyond the focus, f, 
the spectator to stand at z, the rays e t 
e d are reflected, and where they meet i 
the spectator trill see the image. 

James. That is between himself and 
object. 

Tutor- He must, however, be far enough 
from it to receive die rays after they have di- 
verged from E, because every enlightened 
point of an object becomes visible only ^J 
means of a cone of diverging rajs from il, 
and we cease to see it if the rays becom'' 
parallel or converging. 

Charles. Is the image inverted ? 

Tutor. Certainly, because the rays have 
crossed before they reach the eye. 

Tou may see this subject in another point 
of view: let r y (Plate 111. Fig. 21.) bea 
concave mirror, and o the centre of cooca' 
vity ; divide o A equally in f, and take 
half, the third, and the fourth, &c. of r 
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I mark these divisions i> ^ ^t &c* Let 
t be exiended, and parts be taken in it 
H^ to F o, at 2, 3, 4, &c. Now if any of 
points 1 , 2,3, 4, Sic. be the focus of inci- 
It rays, the correspond em points !> ji j« ^* 
I in o F will be the focus of the reflected 
's, and vice versa. 

htmes. Do yoa mean by that, if incident 
'B be at I or ^, oj- ^) the reflected rays wtU 
U 2, 3, 4 ? 

Tutor, I do: place a candle at 2, and an in- 
rted image will be seen at |: now place it 
4, and it will also move back to \: these 
Ages may be taken on paper held in thosr 
Ipective places. 

Charles. I see the farther you proceed 
t way with the candle, the nearer its in- 
ted image comes to the point r. 
T^Wr. True: and it never gets beyond it, 
r that is the focus of parallel rays after re- 
Kdon, or of rays that come from an infi- 
£ distance. 

IVamfa. Suppose the candle were at o ? 
liJtoor. Then the object and image will 
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coincide: and as the image of an object 
tween f, and a concave apecqlum, is on 
other side of the speculum, this experin.^.^ 
of the candle and paper cannot be made* .-^^ 
I will how just mention an eitperimeai^^ 
that we fiay hereafter make. At tme' end o^^ 
an oblong box, about two feet long, and IS'^ 
inches wide, is to be placed a concave mirroi; 
neaur the upper part of the oppoisite end a .^ 
hole isf made, and about the midcQe of the bos. 
is placed a hollow frame of pasteboard that 
confines the view of the mirror. The top of ^i 
the box next the end in which the hold is T 
made is covered with a glass but the other ? 
half 18 darkened* Under the hole are placed 
in succession different pictures, propeijy 
painted, which are thrown into perspective 1 
by the mirror, and produce a beautiful ap- 
pearanqef 
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CONVERSATION XIV. 



Of Convex Reflection— Of Optical Ddusirais— Ot 
Anamorphoses. 

CHARLES. You cannot, I see, make 
ihe same experiment with the candle, and ft 
convex mirror, thai youmade yesterday with 
the concave one. 

Tutor. Certainly, because the image iS 
formed behind the glass : but it may, per^ 
liaps, be worth our while to consider ho* 
ibe effect is produced in a mirror of tlutj 
kind. Let a b (Plate iii. Fig. 22.) represent 
a convex mirror, and a/be half the raditn 
of convexity, and tate a f, f o, o b, 
each equal a/, l^lpade^jsyrsflow fi 



ipS , tfftlCB. 

2, the reflected rays will appear to O 
irom behind the glass at ^. 

James. Do you mean if a candle he. 
ced at 2, the image of it will appear b 
formed at J behind the glass ? 

Tutor. I do : and if that, or nn)* o 
object, be carried to 3, 4, &c. the iq 
will also go backward to J, \, &c. 

Charles. Then, as a persoowalks tow 
a convex spherical reflector, the imagt 
pears to walk towards him, constant 
creasing in magnitude, till tliey touch 
other at the surface. 

'Aitor. Yon will observe tliat the in 
however distant the object, is never iai 
off than at/; that is, the imaginary fod 
parallel rays. 

James. 'ITie difference then Ijct 
convex and concave reflectors is, thlj 
point _/" in the firmer is behind the 
and in the latter it is before the glass 

Tutor. Just so : from the propert 
diminishing objects, spherical reflecton 
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otdy pleasing ornaments for our best 
but arc much used by all lovers of 
■que scenery. " Small convex reflcc- 
says Dr. Gregory, *' are made for the 
of travellers, who, when fatigued by 
ilDg the eye to Alps towering on Alps, 
I, by their mirror, bring these sublime 
a narrow compass, and gratify 
sight by pictures which the art of man 
attempts to imitate."* 
Concave mirrori have been used for many 
ller and different purposes ; for by them, 
th a little ingenuityr a thousand illusions 
ly be practised on the ignorant and credu< 
B. 

Charles, I remember going with you to 
an exhibitiou in Bondstreet, which you 
id depended on a concave mirror ; I was 
tired to look into a glass, I did so, and 
Wed back, for I thought the point of a 
[er would have been in my face. I lootc- 
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ed sgaint and a deadi*s head snapped at i 
and thea I saw a most beautiful atxt^ 
which I wished to g^^sp, but it vanbhf 
an instant. 

Tutor. 1 win explain how these dc 
tions are managed : let e F (Plate iii. 
23.) be a concave mirror, 10 or 12 a 
in diameter, placed in one room ; 
wain-scot that separates the spectator I 
it ; but in this there is a square or cin 
opening which faces the mirror exactly 
■osegay, for instance, is inverted at c, i 
must he strongly illHminated by e 
an Argand's lamp ; but no direct light i 
the lamp is to fall on the mirror. No 
person standing at G will sec an i 
the nosegay at D. 

■fames. What is to make it vanish 1 
Tutor. In ezliibitions of this Icind there 
is always a person behind the wainscot id 
league with (he man that attends the spec- 
tator, who removes the real nosegay upon 
e Hipt understood between them. 
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ftrla. Was it then upon the man be- 
llheccme that the approaching sword, 
Ae. advancing death's head, &c. de- 
ed? 

Isr. It was : and persons have uoder- 
to exhibit the ghosts of ihe dead by 
iyances of this kind : for if a drawing 
t deceased be placed instead of the 
ty, it may be done. But such exbibi- 
■re not to be recom mended, and in- 
ougfat never to be practised, without 
ning the whole process to the astonish- 
xtator afterwards. 

I large concave mirror be placed be- 
blazing fire so as to reflect the image 
fire on the flap of a bright mahogany 
a spectator suddenly introduced in 
om will suppose the hre to be on the 

two large concave mirrors a and b 
: lit. Fig. 2*.) be placed opposite each 
, at the distance of several feet, and red 
isreoal be pat in the focus D, avidaonift 



sently take fire. The use ot a pair of 
lowg may be necessary to make the chi 
bum strongly. — 

This experim^t may be varied by 
cing a thermometer in one focus, and lij 
charcoal in the other, and it wiH be 
that die quicksilver in the thermometer 
rise as the fire increases, though anot 
thermometer at the same distance from 
tire, but not in the focus of the glass, will '■ 
be affected by it. 

James. I have seen concave g^asei' 
which my face has been rendered as 
as my arm, or as broad as my body, hdw 
are these made ? 

Tutor. These images are called anamor' 
phases, and are produced from cylindrical 
concave mirrors ; and as the mirror is placed 
either upright, or on its *K/e, the image 
the picture is distorted into a very loii^< 
very broad image. 

Reflecting surfaces may be made of 
ous shapes, and if a regular figure be placed 
before an irregular reSector, the inuure Will 
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^formed, but if an object, as a picture, 
linted deformed, according to certain 
^ the image will appear regular. Such 
*s and reflectors are sold by opticians, 
iiey serve to astonish those who are ig- 
it of diese subjects. 
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CONVERSATION XV. 



Of the different Parts of the Eye. 



CHARLES. Will you now descriiie the 
nature and construction of the telescope i 

Tutor. I think it will be better first to a.' 
plain the several parts of the eye, and the 
nature of vision in the simple state, before 
we treat of ihose instruments which arc d 
signed to assist it. 

James. lonce&awabullockVeyed 
ed, and was toM that it imitated a human^ 
in its several parts. 

Tutor. The eye, when taken from i 
aocket, is of a globular form, and it is coi 
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HkI of three coats orbkim, and tliree other 
HbKances called humours. I'his fipir* 
Hhle III. Fig 2S.) rcpreacnls the section of 
Beyef that is, an eye cut down th« middle ; 
Bd ^g- 26, the front vieiv of an eye a« it 
MKars in the head. 
■ Charles' Have these coats and humours 
B different names \ 
W Tutor. Yes : the external coat, which is 
Ipresented by the outer circle a b c D i 
■lied the sclerotica! the front part of ttiiit, 
Bnely, c or D, is perfectly transparent, and is 
■ted the cornea; beyond this, towards n and 
Rt'iB white, and called the white of the eye- 
Be next coat, which is represented by the 
kond circle, is called the cboroides. 
WJamea. This circle does not go all round 
Tauter- No : the vacant space a b 'n that 
pdch we call the pupil, and through this 
■Dne the light is allowed to enter the eye. 
tCharks. What do you call that pan, 
nich is of a beautiful blue in some persons, 
fm cauain jCi^dJa ; and in others brown, Ot 




lie 

Tutor. Thattasacvifftup*'* 
roides, and is called tbe irit. 

Charles. The uis is Bometime 
gqr than it is at another. 

Tutor. It is composed of a i 
work, which contracts or expand 
to the force of the light is i 
placed. Let James stand in a dar; 
two or three minutes: — now look 

Charles. The iria of each is ' 
and the pupil large. 

Tutor. Now let him lopk stea 
close to the candle. 

Charles. TheirisiBConuderab 
and the pupil of die eye is but a 
in comparison of what it was be 

Tutor. Did you never feel i 
sitting some time in the dark, wl 
were suddenly brought into the 

James. TesiIremcmberlaBtl 
ing we had been sitUng half an 
in the dark at Mr. W 's, ani 
dies were introduced, every one 
pany complained of the painwh 
occasioned. 
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TtUert By sitting so long in the dark, th* 

i WEts contracted very much, of course the 

upil being large, more light was admitted 
'aaa it could well bear, and therefore till 

me was allowed for the iris to adjust itself, 

lie uneasiness would be felt. 

Charles. What do you call the third coat^ 

'hich, from the figure, appears to be still less 

an the choroides ? 

Tutor' It is called the retina, or net-work,^ 
Irhich serves to receive the images of objects 
Iroduced by the refraction of the different' 
mmours of the eye, and panted, as it were, 
e the surface. 

Charles. Are the humours of the eye ia- 
ioded for refracting die rays of light, in the 

me manner as glass lenses i 

Tvtor. They are; and they are called thp 
ilreouB, the crystalline, and the aipieotis 
amours. The vitreous humour fills up alt 

■■ space z 7., at the back of the eye ; it is 

irly of the substance of melted glass. The 
•t/ataHine ia represented by df, in the shape 

a doiible convex lens : and the aqueous^ 



or watery humour, fills up all that 
the eye between the crystalline humour, ; 
the comer c x d. 

James. What does the part A at the b 
of the eye represent J 

Tutor. It is the optic nerve, which ea 
to convey ,to the brain the sensations | 
duced on the retina. 

Charles, Does the retina extend to 
brain ? 

Tutor. It does : and we shall, nhea, 
meet next, endeavour to explain the ol 
of these humours in effecting vision. In 
:, I would request you to conu 
again what I have told you of the diffeil 
parts of the eye ; and examine, at the 
time, both figures ; viz. 25 and 26. 

James. WewjU: but you have said nothing 
^Xiut the uses of the eye-browa and eye- 
luhes. 

Tutor. I intended to have reserved this 
to unother opportunity : but I may now say, 
that the eye-brows defend tW e^t iTQwvMac 
J a light ; and they ^vcvtiA ■&«■ «^ 
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ftom iDJaries bjr the sliding of substances 
iown die Ibrehead into them. 

The eye-lids act like curtains to cover 
tnd protect the eyes during sleep : when we 
tit awadte, they diffuse a fluid over the eye, 
wUdi keeps it dean and well adapted for 
traosniittiog the rays of light. 

The eye-lashes, in a thousand instances, 
goard'tfae eye firom danger, and )>rotect it 
from floating dust with which the atmos- 
phere abounds. 
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Manner of ViMbn. 



CHARLES. I do not understand w 
you meant when you said, tlie optic ne 
served to convey to the brain the sensati 
produced oq the retina. 

Tutor. Nor do I pretend to tell you 
what manner the image of any object pain 
on the retina of the eye is calculated to c 
vey to the mind an idea of that object : 
I wish to show you, that the images of 
various objects which you see are pain 
on the retina. Here is a bullock's eye, tr 
the back part of which I cut away the th 
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, but 30 as to leave the vitreous hu- 

mr perfect ; I will now put against the vi- 

Bous humour a piece of white paper* and 

1 ihe eye towards the window j what do 

James. The figure of the window is drawn 
the paper ; but it is inverted. 

Open the window, and you will 
the garden drawn upon it 
le inverted state, or any other 
tg;ht object that is presented to iL 
Charles, Does the paper, in this instance, 
the innermost coat called the 



Tutor- It does ; and I have made use of 
per because it is easily seen through, n 
hereas the retina is opake ; transparency 
)uld be of no advantage to it. The retina, 
means of the optic nerve, is conveyed to 
1 brain, or, in (^(her words, the optic nerve , 
an extension of the retina. 
James. And does it carry the news of 
Kry object that is painted on the retina i 
Tutor. So it should seem ; for we haye 
TOL. Ill' Jj ^ 



an idea of vhatever b ffaaws npoo it. 
, direct m^ eves to yon, amd die image, 
your person is painted od the retina of 
eve, and I say I sec you. So of any 
else. 

CkarUt. You said the rays of light pro.' 
ceeding from external o'-'ects were refract 
in passing through the JTereat humours < 
the eye. 

Tutor. They are, and converged to 
point, or there vould be no distinct picture! 
drawn on the retina, and of course no im-\ 
tinct idea conveyed to the mind. I will shoiT 
you what I mean by a figure, taking an amW | 
again as an illustration. 

As every point of an object a b c (Plate 
IV. Fig. 27.) sends out rays in all direc- 
tions, some rays from each point on the 
side next the eye, will fall upon the cornea 
between x y, and by pasvng through die 
humdurs of the eye they will be converged 
and brought to as many points on the reti- 
na, and will form on it a distinct 
picture c ft a of the object. -' ' 
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This is done in the same manner 
iwed as by means of a double con- 



All three of the humours have 
tne effect in refracting ihe rays of light* 
rt die crj'stalline is the most powerful, 
id that is a complete double convex lens : 
id you ace the rays from a are brought to 
porat at a; those from b will be converged 
1 h, and those from c at c, and, of course, 
le intermediate ones between a and B, B 
ltd c will be formed between a and b, and 
'and c. Hence the object becomes visible 
' means of the image of it being drawn on 
e retina. 

Charles. Since the image is inverted on 
the retina, how is it that we see things ia 
ihe proper position^ 

Tutor. This is a proper question, but one 
■Aai is not very readily answered. It is wcU 
tbiown that the sense of touch or feeling 
■Very much assists the sense of sight; some 
'pabtings are so exquisitely finished, and 
J» much resemble sculpture, that the eye 



» completely deceived, we then naturd 
euend the hand to aid the sense of seat 
ChildrcD who have to leam the use of.J 
their senses, make use of their handi 
every thing ; they see oothJDg which tl| 
do not wish to handle, and therefore il 
not improbiible, that by the sense of \ 
touch, they learn, unawares, to rectify i 
of Kcing. The image of a chair, or taH 
or other object, is painted in an invr"^ 
position on the retina ; they feel and ha 
ttf and find it erect ; the same result pc 
tually recurs, so that, at length, long befc 
they caD reason on the subject, or even < 
cribe their feelings by speech, the invci 
image gives them an idea of an erect 
ject. 

Charles. I can easily conceive that 
' would be the case with common objc 
Auch as are seen every day and hour. 
will there be no difficulty in supposing tt 
the same must happen with regard to 

K which I had never seen before I 
taw ships sailing on the sea till wid 
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this month j but when I first saw them| 
ky did not appear to me in an inverted 
position. ' 

Tutor. But you have seen water and lanJ 
Wore, and they appear to you, by habit 
and eitperience, to be lowermost, thougK 
they are painted on the eye in a different 
position : and the bottom of the shi] 
Etxt the water, and consequently, as you 
Kfer the water to the bottom, so you must 
l!ie hull of the ship which is connected 
with it. In the same manner all the parts 
of a distant prospect are right with respect 
to each other; and therefore, though there 
may be a hundred objects in the laodscape 
"itirely new to you, yet as they all bear a 
relation to one another, and to the earth on 
wbich they are, you refer them, by experi- 
ence, to an erect position. 

James. How is it that in so small a space 
as the retina of the eye, the images of so 
many objects can be formed ? 




pect SriOk Vftt^ffK^csA Hill ib 
into the compass of a sixpei 
coniBtaifdaUy represented. A 
li!«f ^ng at its .ordinary ratei 
houTt passes in the ejre Oeiy ov< 
part oiF an inch, yet the chan^ 
distincdy perceived thrpughoi 
progress." Nowwhatheasserti 
is true : go to the window, ai 
dily at the prospect before you, 
many objects you can discern 
ving your eye* 

James* I can see a great i 
distinctly indeed, besides whic 
cern others, on both sides, wi 
clearly defined. 

Charles* I have another dl 
have two eyes, on both of wh 
ges of objects are painted, he 
we do not see every object doi 



♦ See Paley's Natural Theology, 
<edition» or p. 13, in the Analysis of t 
•Author of thete J>ifl!ogue9. 



rrs NOT SEEN TWimLE. 

Wlien an object is seen distincll^ 
eyes, the axes of them are direct- 
to it, and the object appears single ; for'' 
opiic nerves are so framed, that the 
'correspondent parts, in hoth eyes, lead 
■llle same place in the brain, and excite but 
one sensation. But if the axes of both 
■tyts are not directed to the objcct,'that ob- 
ject seems double. 
James. How does that appear ? 
Tutor. Look at your brother, while I' 
pusli your right eye out of its place towards 
tbeleft. 

Jamex, I see two brothers, the one re?- 
ftding to the left hand -if the other. 

Tutor, Thf reason is tliis ; by pushing 
Ae eye nut of its natural place, the pic^ 
iwea in the two eyes do not fall upon cor- 
Kipoi)deQt parts of the retina, and therw 
fore the sensations from each eye are ex- 
tiled in different parts of the brain- 
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and of tliclr L'»cj. 



CHARLES. Wh;- do people wear spec- 
tacles! 

Tutor, To assist the sight, which may 
be defective from various causes. Some 
eyes are too flat, others aru too convex : in 
some the humours los>: a part of their trans- 
parency, and on thai account, a deni of light 
that enters the eye is stopt and lost iu the 
passage, aod every object appears dim. The 
eye, without light, woidd be a useless -.na* 
chine. Spectacles are intended to collect 
the light, or to bring it to a propet degree 
of convergency. 
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Charlest Arc spectacle -glasses always 

Tutor. No : they are convex when the 
es are too flat ; but if the eyes are already 
*ry convex, then concave glasses are used. 

ou know the properties of a convex ^ass ! 
James. Yes ; it is to make the rays of 

[ht converge sooner than they would with- 

Tutor. Suppose then a person is unable 
see objects distinctly, owing to the cor- 
a c D (Plate iv. Fig. 28.,) or to the crys- 
line a b, or both, being too fiat. The 

Sjcus of rays proceeding from any object, 
will not be on the retina, where it ought 
be, but at z beyond it. 
Charles. How can it be beyond the eye i 
Tutor. It would be beyond it, if there 
re any thing to receive it ; as it is, the 
's flowing from x, will not unite at d, so 
to render vision distinct. To remedy 

Us, a convex glass m n is placed between 
iect and the eye, by means of which 



the rays are brought to a focos 
llic image ia formed at (/. 

James. Now 1 see the reaa 
pie are obliged, sometimes, to ) 
many pairs of spectacles bef 
those that will suit them. Th< 
exactly what degree Of conve] 
sary to bring ihe focus just to 

Tutor. That is right; for I 
the eye may vary as much as 
countenance ; of course, a pair 
that might suit you, would nc 
to another, whose eyes should 
milar aid, — What is the proper! 
glasses ? 

Charles. They cause the ra 
diverge. 

Ttrfffr. "Rien for very rotmi 
Itf eyes, these will be uscfiil, b 
ccmea c d, or crystalline ab(li 
39*) be too convex, the rays fio 
will unite into a focus before t1 
tbc rttina, as atz. 

Ckarkt. If the sight then de] 
ntions produced on the retina. 
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not see the object at all) because 
f it does not reach the retina. 
■i True : but at z the rays cross one 
and pass on to the retina, where 
1 produce some sensations, but not 
' distinct vision, because they atn 
ight to a focus there. To remei^ 
: concave glass m n is interposed hat 
ie object and the eye, which causes 
looming to the eye to diverge i and 
iore divergent when they enter the 
requires a very convex cornea or 
ine to bring them to a focus at the 

w. I have seen old people, when 

ng an object, hold it a good distance 

eir eyes. 

r. Because there eyes being too flat» 

la is thrown beyond the eye, and 

e they hold the object at a distance 

; the focus z (Fig. 28.) to the retain. 

eS' Very short-sighted people bring 

dose to their eyes. 

r. Tea, I once knew a young man 

IS apt, in looking at his paper, to t^^ 
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out with bis nose what he bad written « 
his pen. In this case, bringing the objec 
near the eye produces a similar effect to tha 
produced by concave glasses : because thi 
nearer the object is brought to the eye, dX 
greater is the angle under which it is seen 
that is, the extreme rays, and, of course, d 
the others, are made more divergent. 

yames, 1 do not understand this. 

Tutor. Well, let e be the eye, (Plate^ 
Fig. 30.) and the object a b seen a 
also 3X X, double the distance; will 
same object appear under difTerent : 
to an eye so situated ? 

yames. Yes, certainly aZ & will bcM 
ger than c e <^, and will include it. 

Tutor. Then the object being brough' 
very near the eye, has the same effect a; 
magnifying the object, or of causing i 
rays to diverge ; that is, though a b and*! 
are of the same lengths, yet a b being a 
Wt to the eye, will appear the largest. 

Charles. You say the eyes of old people 
become flat by age, is th at the nalura^ 
progress ? 
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1\aor* It 18 ; and therefore people who 
very ahort-tigfated while young, wi^ 
ly see well when they grow old. 

Jameam That is an advantage denied ta 

imoo eyes* 

Tmofm But people blessed with commoo 
ifjit, should be thankful for the benefit they 
l^ved while young. 

Outrk^m And I am sure we cannot too 
mUy estimate the science of optics, that 
ha sflbrded sudi assistance to defective 
(yts, which, in many circumstances of life^ 
^naU be useless without them. 
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CONVERSATION XVI 



TUTOR. Too hare frequen' 
mnbowf 

Charlet. Oh, yes, and very o 
are two at the same time, one . 
other ; the lower one is by far the 
liant. 

Tutor. This isi perhaps, the n 
tifiil meteor in nature ; it never 
^pearance but when a spectator 
between the sun and the shower. 
deactibed £>y Thomso&t 
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— BeBecWd from yon eanem ckud, 
Benriding eai-th. the grand Mhereal bow 
%ootsup immense ; anii every hue unfolds. 
In tar proponion, ranning from the red 
To where the vHet fades into the sky. 
Here, awful Newton, the diaolving clomlB 
Farm, fronting on the son, thy shoVry prura; 
And to ttt* Mge-instructed eye unfold 
The various twine of light, by thee diuks'd 
From the white mingling maze. 



'ames. Is a rtiinbow occasioned by the 
Diag drops of rain ■' 

Ttttor. Yes, it d«pands ontheRflecticA 
refraction of tlie niys of the sun by th6 
lUng drops. 

Charles. I know now how the rays of the 
are refracted by water, but are they re- 
tted hy it also ? 

Tutor. Yes j water, lite glass, reflecW 
le rays, while it transmits or ttt-raWa 
■rs. You know the beauty o£ iV* TWSW" 
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James. Yes, •' the colours of the n 
bow" ia a very common expression j I h 
been told there are seven of them, but i 
seldom that so many can be clearly d 
guished- 

Tutgr. Perhaps that is owing to J 
want of patience ; I will show you th^l 
lours first by means of the prism. If »J 
of light s (Plate v. Fig. ai.) be admil 
into a darkened room, through a smallH 
in the shutter x y, its natural course is a 
the tine to d; but if a glass prism ac\> 
troduced, the whole ray will be bent upwn 
and if it be taken on any white surfao 
M Nt it will form an oblong image p T,l 
breadth of which is equal to the diametd 
Ae hole in the shutter. J 

Charles. This oblong is ot differein 
lours in difTerenc parts. I 

Tutor. 'I'hese are the colours of j 
fBinbow, which are described by Dr. ^ 
Mn as untwisted: 

Ittat with iUumin'd hands through prinni l| 
Ple&s'dthejruiitwistttiB sevenfold tliteadsi^ 
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Ur, ijcnt in pencils by the lens, convey 
To one bright ptaat the mlvtr hain of d«y. 

yames. But how ia the tight which U 
admitied by a circular hole iu the window 
spread out into an oblong ? 

Tutor. If the ray were of one substance, 
it vould be L-qually bent upwards, and maks 
oilya small circular image. Siace, therefore, 
the image or picture is oblong, it ia inferred 
that it is formed of rays differently refran^- 
Ue, some of which are turned more out of 
the way, or more upwards than others; thow 
which go to the upper part of the spectrum 
lieiDg most refrangible, those which go 
the lowest part are the least refrangible^ 
'he intermediate ones possess more or lew 
f frangibilily, according as they are painted 
oti the spectrum. Do you see the sevea 
folours? 

Charles. Yes, here is the wio/cf, indigH 
bhit-fgreen, yellow, orange-, and red. 

Tutor. These colours will be still more 
beautiful if a convex lens be interposed, at 
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Thcse^ when tiw dwicb dhtil t lM i jiif i bw w^ 
Shine oat dtstfaict adovn Ikewiicry tai;. '4 
Wluleo'eroor heads the dewf vUob borfft. ij 
DdiC^tiii], melting on tlie fiddi bencttdL | 
M]rriad8 of ming^ng ^Bes fironfe tfaeae'if it 
And myriads still remain; infiiilte waagM 
Of bean^y ever bhnttiK, ever new. ^- 

Charles* Tou have not t9|dtt[|ied,A 
principles ot the upper or fidnter boir*' ;- 

Tiaor. This is formed by tiio Kfractiai 
and two reflections: suppose the niy.T r^tfi 
entering the drop Bat r. It is refracted at f^ 
fleeted at s, reflected again at f, and lefiyl 
cd as it goes out at Uj whence it proo^ 
being separated) to the spectator at j^« JBb 
the colours are reversed ? die angle fotne 
by the red ray is 51^, and that formed b 
violet is 54^. 

James. Does the same thing lu^ 
with regard to a whole shower, as you hai 
shown with respect to the two drops ? 

Tutor. Certainly, and by the consta 
falling of the rain, the image is preseiti 
constant and perfect. Here is the represe 
tation of ^e two bows. (Plate v. Fig. 33 
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|e tays come in the direction s a, and the 
ictater stands at e with his back to the 
other words, he must be between 
d the shower. 
This subject may be shown in another 
«y; if a glass globule filled with water be 
img aufficienily high before you, wht;n the 
behind, to appear red, let it descend 
radually, and you will see in the descent 
the other six colours follow one another. 
Lriificial rainbows may be made with a 
Dmmon watering pot, but much better with 
s)TiDge fixed to an artificial fountain ; and 
have seen one by spirting up water froia 

cnouth ; it is often seen in cascade 

M foaming of [he waves of the sea, in foun- 

is, and even in the dew on the grass. 

Dr. Langwith has described a' rainbow, 

lich he saw lying on the ground, ihi 

irs of which were almost as livtly as those 

the cotnmon rainbow. It was extended 

Jveral hundred yards, and the colours were 

strong, that it might have been seen 

mch fcirther, if it had not been terminated 

and the hedge of a lield. 
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Rainbows have also been produced ^v the 
reflection of the suo's beams from a river: 
and Mr. Edwards describes one which must 
have been formed by the exhalations from 
the city of London, when the sun had been 
set twenty minutes.* 
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CONVERSATION XIX. 



Of the fiefhicling Telescope. 



UTOR* We now come to describe the 
;ture of telescopes, of which there are 
kinds ; viz. the refracting and the r^- 
ng telescope. 

iarksm The former, or refracting tele- 
e, depends, I suppose, upon lenses for 
operation ; and the reflecting telescope 
chiefly by means of mirrors, 
utor. These ate the general principles 
\ which they are formed ; and we shall 
»te this morning to the explanation of 
'efracting telescope* Here is one com- 
ply fitted up» 
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James. It consists of two tubes, andtl 
glasses. 

Tutor. The tubes are iDtended to hd 
the glasses, and to confiDC the boundary 
the view. 1 will therefore explain tl 
priDciple by the followiog figure (Plate 
Fig. 34.) in which is represented the e 
A fl, the two lenses, m n, o p, and I 
abject :i: y> The lens o p, which is neap 
to the object, is called the object-glass, U 
that m n nearest to the eye is called the c] 
glass. 

Charles. Is the object-glass a double a; 
vex, and the eye-glass a double concave ? 

Tutor. It happens so in this partii 
tar instance, but it is not necessary d 
the eye-glass should be concave ; the i 
ject-glass must, hovreverj in all cases, 
convex. 

Charlet. I see exactly, from the fij 
why the eye-glass is concave : for the ( 
vex lens converges the rays too qui) 
and the focus by that glass alone would 
M £ : and therefors the concave is 
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ar the eye to make the rays diverge » 
luch as to ihrow them to the retina befot 
ley come to a focus. 
Tutor. But that is not the only reason |j 
\rf coming to a focus at e, the image UiM 
Vtry small, in comparison of what it i 
"when the image is formed on the retina, b 
means of the concave lens. Can yoi£ 
Junes, explain the reason of all the linej 
wliich you see in the figure i 

James. I think I can; — there are twm 
pencils of rays flowing from the extremiiB 

36w of the arrow, which is the object to bel 
viewed. The rays of the pencil flowing 1 
from X, go on diverging till they reach the' J 
convex lens o p, when ihey will be so re-J 
frscted by passing through the glass 
converge, and meet in the point x. Now 
the same may be said of the pencil of rayl 
which come iVom y; and, of course, of iff, 
the pencils of rays flowing from the ohjc* 
between x and y. So that the image of tl 
arrow would, by tlie convex lens, be ford 
edatE. 
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Tutar- And what would happen if the» 
Were no other glass ? 

James- 'Vhe ra\'s woxdd cross each othri* 
and be divergent, so that when they got to 
the retina, there would be no distinct^ 
image formed, but every point as v or jv 
would be spread over a large space, andthc' 
' image would be confused- To prevent" 
this, the concave lens m n is interposed!' 
the pencil of rays which would, by thB 
convex glass, converge at ar, will now be 
made to diverge, so as not to come to ts 
focus till they arrive at the retina : and the 
pencil of rays which would, by the convex 
glass, have come to a point at y, will, by 
the interposition of the concave lens, be 
made to diverge so much as to thro* 
the focus of the rays to b instead of y- 
By this means, the image of the object is 
magnified. ■ 

Tutor. Can you tell the reason why the 
tubes require to be drawn out more or less 
for different persons ? 

Charles. The tubes are to be adjusted, 
^^ order to throw t>ie tocvia o^ t^'ja vxttHn 
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the retina: and as some eyes are more 
mvex ihan others, the length of the fo- 
ill vary in different persons, and, by 
Sding the tube up or down, this object is 
buined. 

7Wor> Refracting telescopes are used 
iuefly for viewing the terreslriai objects ; 
Wo things, therefore, are requisite in them; 
\« first isi that it should show objects in 
upright position, that is, in the same 
position as we see them without glasses ; 
(he second is, that they should afford 
I large jff/d of view, 
James, What do you mean, sir, by a field i 
F view? 

7\ilor. All that part of landscape which 
ay be seen at once, ivithout moving the 
'e or instrument. Now in looking on 
le figure again, you will perceive that the 
Dncave lens throws a number of the rays 
lyond the pupil c of the eye, on to the 
,9 on both sides, but those only are visi- 
E, or go to form an image, which pas* 
the pttpit ; and theiefore, l^ 



telescope made ia this way, die midd 
part of the object U ooly seen, or, in oili 
words, the prospect is by ic veiy much^ 
minished. 

Charles. How is that remedied ? 

Tutor. By substituting a double conn 
eye-glass g k (Plate v. Fig. 35.) imta 
of the concave one. Here the focus 
the double convex lens is at e, and ti 
^ass ff ft must be so much more codv< 
than p, as that its focus may be aba 
E : for then the rays flowing from the o 
ject X y, and passing through the obji 
glass o p, will form the inverted ima 
m E (/. Now by interposing the doul 
conveK g A, the image is thrown on i 
retina, and it is seen under the large an 
D f c, that is, the tmuge mE.d will be mi 
nified to the size c e □. 

James. Is not the image of the objed 
the telescope inverted ? 

Tutor, Yes it is : for you see ihe ite 
on the retina stands in the same posil 
lis the object ; but we always see thugs 
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ivtng the ima^s inverted : and, therc- 
ire, whatever is seen by telescopes con- 
victed as this is, will appear inverted t6 
spectator, which is a very- unpleiisant 
acumstasce with regard, to terrestrial ob- 
lOa it is cfti that account chiefly used for 
ilestial observations. 

Charien. Is there any rule for calculating 

me magnifying pHwer of this telescope I 

^ Tutor- It magnifies in proportion as the 

fccal distance of the object-glass is greater 

Hmq the focal distai.ce of the eye-glass. 

Thus, if the focal distance of the object* 

ihss ts ten inches, and that of the eye-glas3 

ily a single inch, the teU-scope magnifies 

dianieler of an object ten times : and 

whold auajave of the object will be mag- 

|Bed a hundred times. 

Charles. Will a small object, as a silver 

inny for instance, appear a hundred times 

■ger through this telescope than it would 

1^ the naked eye ? 

Tutor. 'J'elescopes, in general, represent 
to be nearer and not tar* 
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ger: thus looking at the silver penny n 
hundred yards distant, it will not appear M 
be largtr, but ai the distance only of a iam 
gle yard. I 

Jamtx. Is there no advantage gained, i^ 
the focal distance of the eye-glass, aad dt 
the object-glass, be equal i * 

Tutors None ; and therefore in teW, 
scopes of this kind we have only to in' 
crease the focal distance of the object*' 
glass, and to diminish the focal distance of 
the eye-glass, to augment the magnifying 
power to almost any degree.- 

Ckarlea. Can you carry t!iia principle to 
any extent *. 

Tutor. Not altogether so : an object 
glass of ten feet focal distance, will requiit 
an eye-glass whusc focal distance is ratbd 
more than two inches and a half: and ai 
object-glass with a focal distance of a huit' 
drcd feet, must have an eye-glass who« 
focus must be about six inches from il 
How much will each of these glasses mag 
liiiy ? 
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Charlesi TtMi feet divitleJ by two inches 
d a hulf, give for a quoiivnt forty-eight : 
id a huDdred feet divided by six inches, 
ve two hundred : so that the former mag- 
£e3 48 times, and (he latter 300 times. 
Tutor. Refracting telescopes for viewing 
arestrial objects. In order to show them 
their natural posture, are usually coa- 
irucied with one object-glass, and three 
'e-gkasses, the focal distances of these last 
:ing equal. 

James. Do you make use of the same 
elHod in calculating the magnifying power 
a telescope constructed in this way, as 
ou did in the last ? 

Tutor- Yes ; the three glasses next the 
WC having their focal distances equal, the 
Magnifying power is found by dividing ih© 
Dcal distance of the object-glass by tlic fo- 
il distance of one of the eye-glasses. Wo 
ive now said as much on the subject as is 
seasarf to our plan. 

CharUs, What is the construction of opera- . 
lasses, that are so much used at the theatre? 



I 
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Tutor* The opera ^jlasa is ik»tM] 
thaft* short refiracti^g telescbpe. ^ 

The nig'hf telescope* is only ab 
ftet long ; it represents objects i 
ihuch enltghteoed, bat not great!} 
fied. It is used to discover obje 
vtry distant, but which cannot othe 
steii for want of •sufficient light 
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CONVERSATION XX. 



Of Reflecting Telescopes. 



7T0R* This is a telescppe of a dif- 
t kind, and is called a reflecting telec 

arles* What advantages does the re- 
ig telescope possess over that which 
lescribed yesterday ? 

tor. The great inconvenience attending 
:Ung telescopes is their length, and on 
iccount they are not very much used 
high powers are required. A reflec- 
f six feet long will magnify as much as 
ractor of a hundred feet* 
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yames. Are these, like the refracuagj 
telescopes, made in different ways ? 

Tutor. They were invented by Sir 
Newton, but have been greatly improved i 
since liis ne. The following figure (PlateJ 
VI. Fig. 36.) will lead to a description oTl 
one of those most ' You know that j 

there is a great y between conwx 1 

lenses and concave ■• j 

Charles. They bol in an inverted fo- ■ 
cal image of any rerai abject, by the con- 
vergence of the pencil: i' rays. 

Tutor. Ininstrument the exhibitions of 
which are the effects of reflection, the con* 
cave mirror is substituted for the conver 
lens. T T (Fig. 36.) represents the large 
tube, and / I the small tube of the telescope^ 
at one end of which is d f, a concave mir- 
ror, with a hole in the middle at p, the prin- 
cipal focus of which is at i k ; opposite to' 
the hole p is a small mirror l, concave to^ 
wards the great one j it is fixed on a strong 
wire M, and may, by means of a long screw 
on the outside of the tube, be made to raeV% 
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irards or forwards, a b is a reraote 
■X; from which raya will flow to the 
; mirror d f. 

tmea. And I see you have taken only 
rays of a peacil from the top, and two 
th« bottom. 

utor. And in order to trace the pro- 
1 of the reflections and refractions, the - 
r ones are represented by full lines, the 
r ones by doited lines. Now the raya 
and E falling upon the mirror at d and 
e reflected,' and form an inverted image 

[arkS' Is there any thing there to re- 
: the image ? 

aor> No : and therefore they go on 
rdsthe reflector L, the rays from differ- 
unts of the object crossing one another 
Ic before they reach L. 
tmes. Does not the hole at p tend to 
rt the image ? 

'Mr- Not at all ; the only defect is, 
tt ia less tiriit. From the mirror ,h 
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the rays are reflected oearly parallel throu^ 
p, there they have to pass the plar 
lens R, which causes them to converge at a 
h, and the aage is now paiatcd in the a 
tube near le eye. 

Charles. What is the other plar 
lens s for \ 

Tutor. g 

and the i i-uucu' 
image of "Ct bi. 

\y want to oiiii 

Jamet- Tms, x r. 
lens G. 

Tutor- It is, and will appear as large as 
c dy that is, the Image is seen under the an- 
gle cfd, 

Charles. How do you estimate die mag- 
nifying power of the reflecting telescope i 

Tutor. The rule is this : " Multiply the 
focal distance of the large mirror by the 
distance of the small mirror from the image 
m: then multiply the focal distance of the 
small mirror by the focal distance of the 
eye-glass ; and divide these two productt 
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' ^rjf ^^u^o^i*! ^^d ^hc quotient is the mag- 
o ccdwing power. 

"^^'g^J.^m'* It is not likely that we should 
'-^ smuw iD these in any instrument we pos- 

^^4 Tirfltr. The fcdlowing then in a method 

loTfixiiDg the same thing by experiment. 

^eE:sil''ObKrve at what distance you can read any 

^*t Moot with the naked eye, and then remove 

eofrfAebookto the farthest distance at which 

Ifou can distinctly read by means of the 

-^l idescopey and divide the latter by the for- 

fider." 

Charles. Has not Dr. Herschel a very 
large reflecting telescope ? 

f Tutor* He has made manv, but the tube 
^ I of the grand telescope is nearly 40 feet long, 
I and 4 feet ten inches in diameter* Tlie con- 
^ [ cave surface of the great mirror is 48 inches, 
\ I of polished surface, in diameter, and it mag- 
i nifies 6000 times. This noble instrument 
f cost the Doctor four years' severe labour : 
it was finished August 28, 1789, on which 
Vol* III* O 
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Tutor. You mean, that the letters a 
pear, in that case, very much magni^etn 
the reason of which is, that you are a 
to see at a much shorter distance ii 
way than you can without the interve 
of the paper. Whatever instrument, 
contrivance, cnn minute objeclij 

visible and d ropcrly a micro 

scope. 

James. If I 1' ugh the hole in^ 

the paper at : of five or six ' 

inches from the print, ii , ; not magnified. 

Tutor. The object must be brought 
Dear to increase the angle by which it is 
seen j this is the principle of all micro- 
scopes) from the single lens to the most 
compound instrument, a (Plate vi. Fig. 
37.) is an object not clearly visible at 
a less distance than a b ; but if tlie same 
object be placed in the focus C (Fig. 38.) 
of the lens d, the ravs which proceed 
from it will become parallel, by passing 
through the said lens, and therefore the 
object is distinctly visible to the eye at s, 
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leed any where before the lens. There 
I three distinctiuns in mkruscopcs ; tha 
Igle, the compound, and the solar. 
Charles. Does the single microscope 
nsist only of a lens ? 
Tutor, By means of a lens a great 
tmber of ravs proceeding from a point 
: united in the same sensible point, and 
each ray carries with it the image of 
! point from whence it proceeded, all 
; rays united must form an image of the 
hjcct. 

fames. Is the image brighter in propor- 
in as there are more rays united f 
Tutor. Certainly : and it is more dia- 
ict in proportion as their natural order 
prCBerved- In oth^r words, a single mi- 
oscope or lens removes the confusion 
tt accompanies objects when seen very 
ar by the naked eye; and it magnifies 
; diameter of the object, in proportion^ 
the focal distance is less than the limit, 
distinct vision, which we may reckon 
to eight inches. 
o 2 



Charles. If the focal diatanceofareadii^ 
glass be fuur inches, does it magnify tll| 
diameter of each letter only twice ? I 

'J'utor. Bxactly so : but the lenses usn 
in microscopy are often not more than \'A 
j or even ^g part of an inch radius. I 

■'lines. And in a double convex the W 

' r^l distance is always equal to the radiustf 

convexity. J 

Tulor, Then tell me how much letf 
ses of j( {, and ^V °^ ^'^ i*^*^^ ^'^ ^^ 
magnify ? ' 

James, That is readily done ; by divid- 
ing 8 inches, the limit of distinct vision, 6]^ 
;. i. and ,',. 

Charles. And to divide a whole numbeft 
ai 8, by a fraction, as ii &c. is to multil^!' 
the said number by the denominator of th^ 
fraction : of course, 8 multiplied by 4, 
givi's 33 ; that is, the lens, whose radius is 
a i of an inch, magnifies the diameter ol 
the object 32 times. 

James. Therefore the lenses of whiet 
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radii are { and ,'„ will magnify as B 
Itiplied by 8, and 8 multiplied by 20 ; 
t is, the former will magnify sixty-four 
es, the latter 160 times, the diameter of 
object. 

t\ttor. You see then, that the smaller 
I lens, the greater its magnifying power< 
i Hooke says, in his work on the micro- 
be, that he has made lenses so small as 
be able, not only to distinguish the par- 
ies of bodies a million times smaller than 
'iaible point, but even to muke those visi 
' uf which a million times a million would 
rdly be equal to the bulk of the smallest 
lin'of sand. 

Uharles. I wonder how he made them. 
Hitor. 1 will give you his description : 
Brst took a very narrow and thin slip 
clear glass, melted it in the Qame of a 
idle or lamp, and drew it out into ex- 
dingly fine threads. * ^e end of one 
these threads he melted again in the 
ne till it run into a very small drop» 
J in a thin plate 



of ;iic^ #0 that ihe ouddk <9f ilriaag 
diicc^ o?er .the ceaure of an estn 
^nap hole Hiade id the jlatc*^ Bevi 
vety coDvement uag^ microicope* 

J(amtesm It does oot seem, at fixat 4 
•0 sinrnk as those wlueh jfouhave jusi 
described* 

^uior. A (Wig. 390 i^ a circulff' 
qjt| brass, it may be made of WDodt;!' 
«L in the nuddAe of which is a very 1 
hjole, m this is fixed a small leii% the 
^stance of which b a d, at that dis 
U a pair of pliers d e, which ma 
adjusted by the sliding screw^ and o] 
by means of two litde studs a e ; 
these any small object may be takei 
and viewed with the eye placed a 
other focus of.-the lens at f , to which i 
appear magnified as at i M. 

Charles* I see by the joint it is ma 
fold up* 

Tutor. It is ; and may be put ii 
case, and carried about in the pockety 
out any incumbrance or inconvenience 



COMPOUND MICROSCOPE. 



I6i 



tuiow look at a double or compound mi* 
BBCOpe. 
L/iimn. How many glasses are there in 
P Tutor. There arc two ; and the con* i 
puction of it may be seen by this figure ; 
td (Fig. 40.) is called the object-glass, 
Bd ef the eye-glaaa. The small object 
li is placed a little farther from the glass 
k d than its principal focus, so that the 
Kncils of rays flowing from the different 
pints of the object, and passing through 
glass, may be made to converge and 
te in as many points between g and A, 
■here the image of the object will be 
{brined. This image is viewed by the 
l^e-glass e f, which is so placed that the 
Mage jf A may be in the fucus, and the 
^ at abijut an equal distance on the 
khtr side, the rays of each pencil will 
lb parallel after going out of the eye-glass, 
I at r and f, till they come to the eye at 
\ by the humours of which they will 
fccooTgrggd and collected into poioM on j 



age A B* *■ '^''< 

Ute the magnifying power of due 

7i^. Thfre areMb 
liFbdi faupd, aretbbe nMildpB^ ial9 
^DOfbor : (10 Aft th« diitavbeoE t^ ij 
sig« ^Mi tilfi objectpglatt it grm^^ 
iff difttaiice ^nm the oye^glaas^; ind^ ^ 
901 tbrilistnice froni die ^jeci is b$0i3iui 
tb« Umlt qif dkitipct violent* 

Bxampte. If the distsmce of the hiage' 
from the objeet-g^ass be fonr times g 



- ^jjj lu ii. I'liJ i 1 III I.,...!.! Hi II l aentBg 

s^op^: ^ftiineq^ to 1^ l^^st di»tMice tidT du^ 
visioi^ mi^tipliod |»y th^ distsoic^ oC ilje imaipe ftdn 
the obJect^UH, .^vidod by the distapcc of the 0^ 
j^ct from the ohjject-gl^^s, multiplied by the ibct 
length of the eje-^l^.'* 
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ta the eye-glass, the magnif}-ing 
i four is gained ; and if the focal 
tf the eye-glass be one inch, an* 
ince of distinct vision be consi- 
Ted at seven inches, the magiiifying 
Wer of seven is gained, and 7 multiplied 
' 4 gives 28 ; that is, the diameter of 
e object will he magnified twenty-eight 
lies, and the surface will be inagnilied 
liumes. 

James, Do you mean that an object 
^11, through auch a microscopef appear 
l4 times larger than by the naked eye ? 
Tutor. Yts, I do ; provided the limit of 
itincC vision be seven inches ; but some 
trsons who are short-sighted, can aee as 
slinctly at five or four inches, as another 
at seven or eight : to the former the ob- 
will not appear so large as to the latter. 
Ex< 2> What will a microscope of this 
□d magnify to three different persons, 
hoae eyes are so formed as to see distiucdy 
the distance of 6, 7, and 8 inches by the 



{.Qurse, the rays croaB, and diverge t 
white Bcreen on which the image of dii 
ject will be painted. 

Charles, I see the object is placed a 
behind the focus. 

Tutor. If it were in tbe focus it woul 
burnt to pieces imtnedialely. The mag 
jng power of this instrunienl depends oi 
distance of the sheet or white screen ; 
haps about lO feet is as good a distam 
any. You perceive that the size of the 
age is to that of the object as the dial 
of the former from the k-ns h m, ia to 
of the latter. 

Jamea. Tlien the nearer the o 
to the lens, and the farther the screen I 
it, the greater the power of this m 
scope. 

Ttaor. You are right, and if A^ 6 
be otAf half an inch from thi^ leltSj MM 
screen nine feet* the image will be M 
times ,largtr than the object : do foA 
derstand this ? i 



SOLAR MICROSCOI'B. I7t 

Charles. Tcs, the object being only 
If an mch from the lens* and the ioi- 
line feet or one hundred and ei^C 
:hes, or two hundred and sixteen half 
chesi the diamettr of the image will be 
hundred and sixteen limes larger than 
t diameter of the object, and this num- 
■ multiplied into itself will give 46,656. 

Tutor. This instrument is calculated 
nly to exhibit transparent oiijecta, or 
ich as the light can pass through in 
in. For opaque objects, a different mU 
oscope is used: and, indeed, there are 

indefinite number of microscopes, ant} 
them all, we may saj'» though in differ* 
t degrees : 



The artificial eonvci will revral 
The Ibrma ditninutiTe thst each conceal i 
Some so minute, tliRt, to the oite exlreme. 
The mite a vast Leviathan waitld ieem ; 



OPTICS. 



That ^t cf orguu, functions, lenie part&b 

Equal wilh animtb of larger make. 

In curious limbs »nd cloa>thu>g they Burpias 

By Gir tlie comeliest of the bulky masa. 

A world of beauties I that thro' all this frame 

beatioiu gnndest ntincles proobum. 



ChWntArVBlSCUflK, 



CONVERSATION XXH. 



B Camera Obscufa, Magic Lanthcrn, 
Multiplying Glass. 



TUTOR. Wc shall now treat upon som 
miscellaneous subjeia; of which the tin 
shall be the Camera Obscura. 
Charles. What is a camera obscura I 
Tutor. ITie meaning of the term is a 
darkened chamber : the construction of it i», 
Very simple, and wilt be understood in I 
moment by you, who know the properttev 
of the convex lens. 

A convex lens placed ia a hole of a wm 

iow-shutter, will exhibit, on a white shw 

of paper placed in the focus of the glasS) ^ 

P3 



ari apnc8. 

the objects on the outsidet as fieldss 
•men, houses, &c. in an inverted ordei 

James. Is the room to be quite 
except the light which is admitted thi 
the lens ? 

Tutor. It ought to be so; and, to i 
a very int .resting picture, the sun she 
shine up^'n the objects* 

James. Is there no other kind of camt 
obscura ? 

Tutor. A portable one may be mac 
with a square box, in one side of which is t 
be fixed a tube, having a convex lens in it 
within the box is a plane mirror reclining back 
wards from the tube, in an angle of forty-fiv^ 
degrees. 

Charles. On what does this mirror re 
fleet the image of the object ? 

Tutor. The top of the box is a squar 
of unpolished glass, on which the picture i 
formed. And if a piece of oiled paper b 
stretched on the glass, a landscape may b 
easily copied ; or the outXixit ixwwj >Qfc i^^ 
'>n the rough surface oi ^Via ^^^. 



CUIESX OBM^l^KA. 

Vfhy is ihc mirror to be placed 
le of 45 degrees exactly i 

The image of the objects woul 
[y be formed at the back of the boX 
ite to the lens ; in order, therefore, 
it on the top, the mirror must be so 
It the reflected ray shall be per> 
to the incidental. In the box* 
to its original make, the top 
Es to the end, that is» at an angle 
90 degrees, therefore the mirror is put 
llf 90, or 4S degrees. 
Charles. Now the incident rays falling 
{lon a surface which declines to an angle 
r^S degrees, will be reflected at an equal 
igleof 45 degrees, which is the angle that 
he glass top of the box bears with respect 
the mirror. 

James, If 1 understand you dearly, had 
e mirror been placed at the end of the box, 
parallel to it, the rays would have beea 
iflected back to the lens ; and none would 
■e proceeded to the top of tVie box* 



17S optics; 

when one person stands before a looldd 
glass, another at the side of the room can 
see his image in the glass, because then 
flawing from him to the looking-glass ^ 
thrown back to himself again ; but J 
each person stand on the opposite sidM 
the room, while the glass is in the i 
of the end of it, they will both stand atJ 
angle of 45 degrees, with regard I 
glass, and rays from each will be rel 
to the other. 

Caries. Is the tube fixed in this machined 

Tutor, iio ; it is made to draw out, or 
push in, so as to adjust the distance of the 
convex glass from the mirror, in proportion 
to the distance of the outward objects, till 
they are distinctly painted on the horizonUil 
glass. 

Janies. Will you now explain the s 
ture of the magic-lanthom, which has 1 
afforded us occasional amusement ? 

Tutor. This little machine consists, as 
you know, of a sort of tin box ; within 
M^^^biTiM)^""? ^'^ candle, the light of t 



^stn^l 

ts, as 
viihin 



MAGIC tOTftiORN. I>7 

through a great plano-convex lens, 
iced in a tube fixed in the front. This 
rongly illuminates the objects which are 
inted on slips of glass, and placed before 
t lens in an inverted posiUoa. A sheets 
other white surface, is placed to receive 
e images. 

Charles. Do you invert the glasses on 
hich the figures are drawn, in order that 
e images of them niay be erect. 
Tutor. Yes : and the illumination may 
t greatly increased, and the effect much 
ire powerful, by placing a concave mirror 
Ithe back of the lamp. 
'Charles. Did you not tell us that die 
iantaamagoria, which we saw at the Lyr 
bm, was a species of the magic lanthom ? 
Tutor, There is this difference between 
cm : in common magic lanthorna, the fi- 
ires are painted on transparent glass, con- 
quenUy the image on ihe screen is a cir- 
! of light, having a figure or figures on it) 
t in the Phantasmagoria, all the glass is 
^ue* except the figure only, which 



being p^itiited in transparent colour| 
tight shiaes through it, and no lira 
come upon the screen but what J 
through the figure. J 

James. But there was no sheet j 
ccive the picture. 

Tutor. No; the represenutioim 
on a thin screen of silk placed betwd 
spectators and the tanihom. 

Charles, What caused the inia| 
pear approaching and receding f 

Tutor. It is owing to removing lj 
thorn farther from the screen, or bi| 
it nearer to it ; for, the size of th«t 
must increase, as the lanthorn is a 
bacic, because the rays come in the sk 
a cone, and as no part of the screen % 
ble, the figure appears to be formed J 
air, and to move farther off when it bq 
smaller, and to come nearer as it tiM 
in size. J 

James. Here is another instruiSM 
construction of which you promised i 
plain ! the midtiplyinfp ghat. 



MULTIPLTING GLASS. 17* 

Tutor. One aide of this glass is cut into 
uy distinct surfaces, and in looking at aa 
iject, as your brother, through it, you wiH 
e not one object only, but as many as the 
Ills contains plane surfaces. 
'1 win draw a figure to illustrate this : 
iet (Plate vi. Fig. 43.) A i B represent a 
iss, flat at the side next the eye k, and 
It into three distinct surfaces on the oppo- 
le side, as Ab,6d,d b. The object c will 
It appear magnified, but as rays will 

ET from it to all parts of the glass, and 
h plane surface will refract these rays to 
: eye, the same object will appear to the 
: in the direction of the rays, which en- 
it through each surface. Thus a ray c 
falling perpendicularly on the middle sur- 
;e, will suffer no refraction, but show the 
iject ifl its true place at c : the ray from c 
falling obliquely on the plane surface a b, 
31 be refracted in the direction b e, and on 
iving the glass at e, it will pass to the eye 
the direction e h, and therefore it appears 
E ; and the ray c d will, for the 



reason, be refracted to the ej-e in the direc- 
dan B H md the object c will appear also 

Ul D. 

If, instead of three sides, the glass had 
been cut into 6 or 20, or any other number^ 
there wo; 1 have appeared 6, 20, &c, di&r- 
eftt etiit I awl- 
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M AGJltT DlaCOTEKKD, 



CONVERSATION XXIII. 



tbe Mtpiet: iU PMpertieti u»efulto Mariners, 
Vtd otb«n I Iron rendered Magnetic ; ProperlieB of 
Ihe Magnet. 

TUTOR. You see this dark-brown mm* 
nl body, it is almost black, and you know. 

has the property of attracting needles and 
^r small iron substances. 

iames. Yes, it is called a load-stone, 

iding-stone, or magnet; we have often 
amused with it : but you told us that 

possessed a much more important proper- 

than that of attracting iron and steel. 

Tutor. This is what is called the direc- 
' property ^hy which mariners are enabled. 



rOi MAQNBTIStf. 

to conduct their vessels through t! 
Ocean out of the sight of land : I 
of this, miaers are guided in their 
neaa inquiries, and the tr^vella 
deserts otherwise impassable. 

Charles. W'ere not mariners 
make long and very distant voyaj 
property of the magnet was disco 

Tutor. Till then, theyconlen 
selves with mere coasting voyagei 
trusting themselves from the sigh] 

James. How long is it since th 
ty of the magnet was first known: 

Tutor. About five hundred y 
it is not possible to ascertain, wil 
gree of precision, to whom we arc 
for this great discovery. 

Charles. You have not told u 
the discovery consists. 

Tutor, When a magnet, or a ni 
bed with a magnet, is freely ausj 
will always, and in all places, stai 
north and aotith. 
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Charles, Is it known which end points 

he north, and which the south ? 
Tutor. Yes : or it would be of little use 
ch magnet, and each needle, or other piece 

if iron, that is made an artificial magnet by 
ring properly rubbed with the nautra/mag- 
et, has a north end and a south end. called' 
ic north and south poles : to the former a 
mark placed, for the purpose of distiu- 

[oishing it. 
James. Then if a ship were to make » 

wyagc to the north, it must follow the di-' 
ction which the ningnet takes. 
Tutor. True; and if it were bound a* 

'csterly course, the needle always pointing 

ortht the ship must keep in a direcum atf 

ight angles to the needle. In other words, 
direction of the needle must be across 

le ship. 
Charles. Could not the same object be 

btained by means of the pole star ? 
Tiitor. !t might, in a considerable degree, 

rovidcd you could always ctoutc a &r«l 

sky: but what is to be dowtioi " 

Q-2 
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weatheri which, in some latitudes, will 1^^ 
for many days together i ^t 

Charles, I did not think of that. I 

Tutor* Without the use of the magnetM 
no persons could have ventured upon sucb ' 
voyages as those to the East Indies, and 
other distant parts ; the knowledge, there- 
fore, «f this instrument cannot be too highly 
prized. 

James. Is that a magnet which is fixed 
to the bottom of the globe, and by means 
of which we set the globe in a proper direc* 
don with regard to the cardinal points, north, 
■outh, east, and west. 

Tutor. That is called a compaaa, the 
needle of which being rubbed by the natu-j, 
ral or real magnet, becomes possessed c 
the same properties as those which belonj 
to the magnet itself. 

Charles. Can any iron and steel be mack 
magnetic ? 

Tutor. They may ; but steel is the n 
proper for the purpose. Bars of iron tl 
|u%parcd are called artificial magnets. 



PKWKKTttS Vf THE MAGUBT- ' 

James. Will these soon lose the propcst 
f tics thus cbiained ? 

Tutof' Artificial magnets will retain tbdJEt 
[properties almost any length of time, : 

e ihey may be rendered more powerf^ 
K than natural ones, and can be made of any' 
I fbrtn, they are generally used, so that tbs 
I aatujrd magnet is kept as a curiosity. 

Charles. What are the leading propel 
ties of the magnet \ I 

Tutor. (1.) A magnet attracts iron. (Si 
When placed so as to be at liberty to moV 
n any direction, its north end points to the 
I north pole, and its south end to the south 
\ pole : that is called the polarity of the mag- 
net. (3.) When the ncTth pole of one mag- 
net is presented to the south pole of another, 
they will attract one another. But if the 
two south, or the two north poles, are pre- 
sened to each other, they will repel. (4*) 
When a magnet is so situated as to be at li- 
berty to move any way, the two poles of it do 
not Vie in an horizontal direction, ■\X. \tvdvR'i'i 
cJm towards the Vioftawa-. «>^ 
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ilevates the other pole above it ; 

;d the inclinatien or dipping of 

(5.) Any magnet may be 

ipart its properties to iron and 
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ATTBACTION, &c 



CONVERSATION XXIV. 



Magnetic Attraction »iiA BepuUic 

TUTOR. Having mentioned the seve« 
properties of the magnet or loaastone,! 
(end, at this time, to enter more particil> 
tly into the nature of magnetic attraction 

repulsion, — Here is a 
igl tor nine incites long, retidcred magnetic, 

that account it is now called 
ificial magnet : 1 bring a small piece of 
ron within a little distance of one of the 
|>oles of the magnet, and you see it is at- 
b^cted or drawn to it. 

Charles. Will not the same effect be pro- 
iuced, if the iron be presented to any oth^. 
|te« of the magnet .•' 

^'af^r. The aftractton is stTongeat. 
^ poles, and it grows less and lesa \r \<W 
^on to tha distanoe of any part, ir- " ''•^ 
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poles, s* that in the middle, between 
poke, there is no attr^LCtion, as you 
see by means of this large needle. 

James. When you held the needle 
the pole of the magnet, the magnet m< 
to that, which looks as if the needle atQ 
ed the magnet. 

^uter. You are right : the attractiot 
mutual, as is evident from the follow 
experiment. I place this small magnet 
piece of cork, and the needle on ano^ 
piece, and let them float on water, at a " 
distance from each other, and you oba 
that the magnet moves towarda the iri 
as much as the iron moves towards 

, magnet. 

Charles. If two magnets were put' 

J 2™is situation, what would be produced! 

i- Tutor. If poles of the same natne^ t 
is, the two north, or the two south, 
brought near together, they will repel ( 

' another ; but if a north and south poli 
presented, the same kind of attaction 

, be visible, as there was between the ua{ 

^JB^ecdte. 



Jamea. Will there be any attraction or 
lulsion if other bodiea, as paper, or thin 
ps of wood, be placed between the ma^ 
ta, or between the magnet and iron ? 
Tutor. Neither the magnetic attraction 
a repulsion is in the least diminished, 
in any away affected by the interposition 
any kind of bodies, except iron. Bring 
B magnets together within the attracting 
Kpelling distance, and hold a slip of wood 
itwcen them : you see they both come to 
le wood> 

Charles. Vou said that iron was more 
sily rendertd magnetic than steel, does it 
Cai[i the properties as long too ? 
Tuttr. If a piece of soft iron, and a 
pece of hard steel, be brought within the 
pfluence of a magnet, the iron will be most 
Utibly attracted, but it will almost instant- 
} lose its acquired magnetism, whereas the 
ftrd steel will preserve it along time- 
James- Is magnetic attraction and re- 
gion at all like what we have sometimea 
? 
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Tutor. In some instances there 
similarity : Ex. I tie two pieces of 
Plate VIII. Fig. 28.) eacb to a 
thread which juin at top, and let tl 
freely from a hook x. i£ i bring t 
ed or north end of a magnedc bar j 
them, you will ate the wires repel 
ther, us they are shown in the figi 
ing from z. 

Charles. Is that occasioned b 
pelling power which both wires 
quired in consequence of being boi 
cd magnetic with the same pole ? 

Tutor. It is : and the same thii 
have occurred if the south pole 
presented instead of the north. 

James. Will they remain long ii 
sition '. 

Tutor. If the wires are of very 
they will quick!}' lose their magneti 
but if steel wires be used, as comi 
ing needles, they will continue tOT 
Other, after the remo-«ai o^ xivt wa 
Ex. II. I lay a sheax o^ -^^^s^ 
a table, and strew aoinewott^ 



ATrnxcTroK &c. igj 

iw lay this sidrII magnet Fig. 29.) among 
», and give the table a few gentle knocks, 
Ift to shake the filings, and you observe in 
H roaoner they have ranged thcmaelves 
Ut the magnet. 

JAflr/w- At the two ends or poles, the 
ikles of iron form themselves into lines* 
ptde sideways; they bend, and then form 
|h[Jete arches, reaching fiom some point 
llhe northern half of the magnet to some 
Ker point in the souihem half. — Pray how 
[you, account for this ? 
Tutor. Kach of the particles of iron, bj- 
ing brought within the sphere of the mag- 
tic influence, becomes itself magnetic, and 
Messed of two poles, and consequendy 
Bpoaes itself in the same manner as ajiy 
her magnet would do, and also attracts 
Ih its extremities the contrary poles of 
ler particles. 

Plx. III. If I shake some iroo filings 
feugh a gauze sieve, upon a paper that 
pcrs a har magnet, the filings will become 
lets, and will be arranged in beautiful 
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James. Does the polarity of the magna 
reside only in two ends of its surface f 

Tutor* No ; one half of the magnet 
possessed of one kind of polarity, and tht 
Other of the other kind ; but the ends, W 
poks, are those points in which that pover 
is the strongest. 

Det. a line drawn from one pole to 
the other is called the aiis of the magDCti 



IROS MAG^fETH: 



CONVEHSATION XXV. 



Method of making Mi^eU— Of die Sbrinec'B 
Corapus. 



TUTOR. I have already toH yeu thrt 
artificial magnets, which are made of stec!, 
«rc now generally used in preference to 
the real magnet, because they can be 
procured with greater case, may be varied 
in their form more easily, and will com- 
municate the magnetic virtue more pow- 
erfully. 

Charles. How arc they made ? 

Ti^nr. The beat method of maVm^ m- 
tifc/a/ magnets is to apply one or TROWS 
•rerfut magnets to pieces of hardBteil 



i» M-tGNrnsM:. 

taking care to apply the north pole ( 
magnet or magnets to that extremity 
steel which is required to be made the 
pole, and to apply die south pole ( 
magnet to the opposite extremity c 
"piece of steel. 

yamea. Has a magnet, by commu 
iDg its properties to other bodiesi its 
power diminished ? 

Tutor. No, it is even increased 
—A bar of iron, three or four feet 
kept some time in a vertical pos 
will become magnetic, the lower extr 
of it attraoting the south pole, an< 
pelling the north pole. But if the b 
inverted, the polarity will be reversed 

Charles. Will steel produce the 
eOects i 

Tutor. It will not; the iron mu 
9oft» and hence bars of iron that have 
long in a perpendicular position, are 
rally found to be magsetical, as 
irons, bars of windows, &c — If a 
piece of bard iron be made red hoi 



EXPERIMENTS. W 

left to cool ID the direction of the 
goetical line^ it usually becomes magae- 

Btriking an iron bar with a hammer, or 
it with a file, while held in thir 

ictioD, renders it magneticaL An elec- 
ahock, and lightning, frequently render 

I magnetic. 

James. An artificial magnet you say 

often more powerful than the real one ; 
iQ a magnet, therefore, communicate to 
teel a stronger power than it possesses ? 

Tutor. Certainly not : but two or more 

igoets, joined together, may communicate 
greater power to a piece of steel, than either 
Fthem possess singly. 

Charles. Then you gain power ac- 
irding to the number of magnets mndtt 

ioii 

Tutor, Yes ; very powerful magnets 

ly be formed by first constructing several 

Fesdc magnets, and then joining them to> 

:ther to form a compound one, and 

act more powerfully upon a piece of 
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The ibUowing methods ar 
best for forming artificial mag 

1. Place tvo magnetic 
(Fig. S5.) in a Une^ so th 
or marked end of one, shal] 
to the south end of the othei 
a distance, that the magnt 
touched, may rest with its m 
the uwnarked end of b, and i 
end OD Ac marked end of a. 
the north end of the magne 
south end of d, to the midd 
opposite ends being elevated 
gure< Draw i., and d asum 
bar G, one towards a, the o 
B, preserving the same elevai 
L o, a foot or more from t 
thejr are off the ends, then br 
and south poles of these magi 
and apply them again to the it 
bar C as before : the same pro 
repeated five or six times, t' 
bdf, aad touch the otWx ^tu 
eame way, and with ca.te 
quire a strong fixfi^ maBaev 
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Upon a similar principle, two bara' 
c D (Fig- 26.) may be rendtretL 
ictic. These are supportt'd by two 
(^ iron, and they are so placed that 
!ed end B may be opposite to 
d end d ; then place the two 
poles G I, on the middle of a b, 
in the figure moving them slowly over 
ten or fil'teen times. The sime operation 
to be performed on c D, having first 
hanged the poks of the bars and then oa 
le other faces of the bars ; and the busi- 
3B is accomplished. 

llie touch thus communicated may bo 
inher increased by rubbing the different 
Ices of the bars with sets of magnetie 
ITS, disposed as in Fig. 27. 
James. I suppose all the bars should be 
rry smooth. 

Tutor. Yes, they should be well polish- 
1, the sides and end^ made quite fiat, and 
le angles quite square, or right angles. 
• There are many magnets made in the 
tape of horse-shoes, these ^re called horse- 
lOe magnets, and they retau» their power 
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very long by taking care to joi: 
iroD to the end aa soon as it U < 

Charles. Does that prevent 
from escaping i 

Tutor. It should seem so ; 
of a magnet is even increased 
a piece of iron to remun atta 
or both of its poles. Of coui 
magnet should always be thus 1 

yames. How is magnetian 
catcd to compass needles f 

Tutor. Ffisten the needle 
board, and draw magnets abo) 
long* in each hand, from the a 
needle outwards ; then raise th 
considerable distance from the 
bring them perpendicularly d 
centre, aod draw them over ag 
peat this operation about twenC 
the ends of the needle will | 
poles contrary to those that to' 

Charles. I remember secin 
when I was on board x\it iri 
oFWcrthing, thpneedie-waai 
dass over it* 
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Tutor* The mariner's compass consists 
rf the box, the card or fl\', and the needle. 
Ihe box is circular, and 13 so suspended as 
b retain its horizontal position in all the 
Bodohs of die ship. The glass is intended 
to prevent any motion of the card by the 
MDd, the card or fly moves with the nee« 
fle, which is very nicely balanced on a 
centre* It may, however, be notic^ that 
a needle which is accurately balanced be* 
fere it is magnetised, will lose its balance 
hf being magnetised, on account of what 
18 called the dippings therefore a small 
▼eight, or moveable piece of brass, is placed 
ca one side of the needle, by the shifting 
tiC whiph the needle will always be balanced. 
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CHASLES. Toa said, 1 1 

nugoet pointed tuarhf north a 

much does it differ from that 1 

Tutor. It rarely points exsu 

south, and the deviation fror 

called the variation of the eg 

is said to be east or west. 

j James. Does this differ at di 

* Tutor. It docs; and the 

( very different in different | 

' vrorld. The vamtion w "aW 

that it was half a centowy a^ 

•aine now at London. ^i«* " 
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itschatka. The oeedle U continually 
slowly towards the east and wcsfc ' 
BSbject was first attended to by Mr* 
^iiout the year 1580. and he found 
variation then, at London, about 11* 
I'east. In year 1657, the needle pointed 
north and south : since which the v 
1 has been gradually increasing towards 
le west, and in the year 1803, it was equal 
'Something more than 24° west, and was 
ta advancing towards the same quarter. 
Charles. That is at the rate of something 
Kre than ten minutes each year. 
Tutor. It is, but the annual variation it 
t regular ; it is more one year than ano* 
ST. It 13 different in the several months, 
tad even id the hours of the day- 

James. Then if I want to set a globe due 
laDrth and south, to point out the stars by, 
must move it about, till the needle in the 
impass points to 24° west? 
Tutor. Just so : and mariners, knowing 
well able to sail by the conv^asw 
ff It pointed due north. 

ypu awmjoned tHe pi^o^ 
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which the needle had of dippings after t^ 
raagoetic fluid was communicated to "*" "^ 
that always the same t 

Tutor. It probably is, at the same plact, 
it was discovered by Robert Norman, a com- 
pass-maker, in the year 15r6,.and he then 
found it n din nearlv- 72", and from many 
observat lade ; Royal Society, it 

is found I 

James. in different pUct^ 

Tutor. I. 1 ear 1773, obsery>- 

tions were made on n^ ubject, in a voyage 
toward the north pole, and from these it ap- 
pears that 
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1 will show you an expepment on ^iii 
subject. Here is a magnetic bar, -and a 
small dipping needle : if I cairy theaeedle, 
suspended freely on a pivot, from Mie «tad 
of the magnetic bar to the other, ^ it wW, 
when directly ever the soath pole^ Mttle 




perpendicular to it, the nor^ 
next to the south pole. As the ntff 
die is moved, the dip grows less and les^ 
Snd when it comes to the magnetic centre, it 
^»ill be parallel to the bar ; afterwards the 
south end of the needle will dip, and when 
it comes directly over the north pole, it will 
lie again perpendicular to the bar. 

The following facts arc deserving of re- 
collection. 

1. Iron is the only body capable of being 
af^cted by magnetism. 

2. Every magnet has two opposite points 
called poles, 

3. A magnet freely suspended arranges 
itself so that these poles point nearly norft 
and south. This is called the directive prO' 
pertyt or polarity of the magnet. 

When two magnets approach each 

other, the poles of the same names, that is, 

both north, or both south, repel each other. 

S. Poles of different names attract each 

Other. 

The loadstone is an iron oar naturi 
poeeeasing magnetism. 
Tot. 
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7. M^DetJsm Kuiy be commonict 
iiOD and ttcel, i 

8. A steel needle rendered magnet 
fitted up in a box, bo as to move b 
aay directkni, constitutes tbc raanner 
pass. 

Charles. 1 think there is a similH 
tweea electricity and magDclisai. , 

Tutor. You arc right ( there is | 
derable analog}', and a ren)arkabl«,| 
ence also between magnetism and ( 
city, I 

Slectricitt is of two sorts, | 
and negative ; bodies possessed of tb 
sort of electricity, repel each oth< 
those possessed of different sorts 
each other. — In Magnetism, cveryj 
has two poles ; poles of the same at 
pel each other, and the contrary pole! 
each other. 

In Electkicit^, when a bodjr^ 

natural statCf b brought near to one! 

electrified, it acquires a contrary elec 

and becomes attracted by it. — In Mj 

^^fH, when an iron substance t8±UW 

m M 



pole of B magnet, it acquires a contruy 
lUrttytand become attracted by it. 
One sort of electricity cannot be produ* 
by Itself. In like manner, no body can 
; only one magnetic pole. 
The electric virtue may be retained by 
xtrics, but it pervades conducting sub- 
The magnetic virtue is retained 
f iron, but it pervades all other bodies. 
On the concraty : the magnetic power dif- 
from the electric, as it does not affect 
senses with light, smell, taste, or noisci 
the electric does. 

Magnets attract only iron, but the electric 
uid attracts bodies of every sort. 
The electric virtue resides on the surface 
clectriiied bodies, but the magnetic is iii> 

A magnet loses nothing of its power by 
nagnetising bodies, but an electrified body 
Hes part of its elcctncity by electrifying 
ther bodies. 



EXECTHiciTY. 



82 



.Ltf 



CONYEBSATION XXV U. 



INTBODUCnOK. 



Tbe twly History of Electricity. 

TUTOR. If I rub pretty briskly with 
my hand this stick of sealing-wax, and 
then hold It near any small light substances, 
as little pieces of paper, the wax will attract 
them ; that is, if the wax be held within an 
inch or more of the paper, they will jump 
up> and adhere to it. 

Charks. They do ; and I think I have 
heard you call this the effects of electricity, 
but 1 do not know what electricity is. 



313 



ELECTRICITY. 



Tutor. It is the case with this part I 
science as with many others, we know it oi 
by the effects which it produces. As I h 
not hitheno, in these conversationa, »ttemd 
ed to bewilder your minds with useless tl 
ories, neither shall I> in the present i 
attempt to say what the electrical fluid i| 
its action is well known ; it seems diffiu 
over every portion of matter with ' 
we are acquainted, and, by the use of p 
per methods, it is as easily collected fi 
surrounding bodies as water is taken froi 
a river. 

James. I see no flmd attaching to t 
sealing-wax when you have rubbed it. 

Tutor, You do not seg the air which y 
breathe, and with which you are aurroundedj 
yet we have shown you* that it is a fluid, and 
may be taken from any vessel, as certainly, 
though not with so much ease, as water mtjrH 
be poured from this glass. With the ej 
cise of a small degree of patience, you s 
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UgMoch experimcQts as will not fail to coo- 
^^^Kk that their is as certainly a fluit 
^^^^pi called the electric fluid, as thei 
^^^fptfluids as water aad air. 

JSmki' Water must have been knowa 
c the creation, and the existence of tlie 
ir could not long remain a secret, but who 
mvered the electric fluid, which is not 
t all evident to the sense cither of sight or 
fceliog 

Tutor. Thalcs, who lived six centuries 
More the Christian ara, was the first who 
ihaerved the electrical properties of amber* 
■nd he was so struck with the appearances, 
that be supposed it to be animated : 

Brigtit omier shtnes on hia electric tlirane, 
And atlda ethneal luatre to hU own. 

DABtvm, 

James. Does amber attract tight bodies ^ 
like sealing-wax ? , 

Tutor. Yes, it does ; and there are many 
ier substances, as well as these, ihavVvwi^! 
same pourer. After Thalea, the tfl< 
M we read of that noticed t\ua a^i^ijl 
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was Theophrastus, who dUcovepH i 
tourmalin has the power of attracting In 
bodies. It does not, however, appear ■ 
the subject, though very curiousi exdl 
much attention till about 200 yean i 
when Dr. Gilbert, an Knglish pbysiel 
examined a great variety of si^stances, «' 
a view of ascertaining how far they t 
or might not be ranked among electrics, i 

Ckar/es. >Vhat is meant by an electru 

Tutor. Any substance being excited of ' 
rubbed by the hand, or by a woollen clolhi 
or other means, and has the power of attract*) 
ing light bodies, is called an electric^ 

James, Is not electricity accompa 
with a peculiar kind of light, and 1 
sparks i 

Tutor. It is, of which wc shall s 
more at large hereafter : the celebrated II 
Boyle is supposed to have been one of l| 
first persons who got a glimpse of the e 
trical light, or who seems to have nodi 
it( by rubbing a diamond in the dark. 
he little imag\ne<X^ ait. '^w. ^fvcn^^ ■xVut a: 
"~'"hiHg effects vfowVA altet>«M4».\K. ■^f 
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by the same power. Sir Isaac Newton 

the first who observed that excited glass 

ncted light bodies on the side opposite 

that OD which it was rubbed. 

Charles. How did he make die discovcr^'f 

Tvtor. Having laid upon the table a 
Und piece of glass, about two inches broad, 
la brass ring, by which it was raised from 
ble about the eighth of an inch, and 
en rubbing the glass, some little bits of 
tper which were under it were attracted 
r it, aod moved very nimbly to and from 
le glass. 

Charles. I remember standing by a gla- 
er when he was cementing, that is, rub- 
Dg over some window-lights with oil, 
d flleaning it off with a stiff brush and 
biting, and the little pieces of whiting, un- 
r the glass, kept continually leaping up 
d down, as the brush moved over the 
iss. 

Tutor. That was, undoubtedly, an elec- 
ical appearance, but 1 do not remember 
(ving ever seen Jt noticed by atvy wriiftt QO. 

■tricity. A complete history ol 'ito% 
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science is given by Dr. Priestly, wh 
hereafter, afford you nauch entc:rtaiiir 
inlcreating instruction. To-morrow 
enter into the practical part of the 
and I doubt not that the experimen: 
part of science will be as iiiterc! 
those in any other which you have b 
dying. The electric light, exhibite 
ferent forms ; the various signs of a 
and repulsion acting on all bodies ; i 
trie shock, and the explosion of the 
will i^ive you pleasure, and excite ] 
miratioDi 
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aX. You must for a little time, 
, till we exhibit before you experi- 
nts to prove it, take it for granted that 
! earth, and all bodies with which we are 
(uainted, contain a certain quantity of 
Eeedingly elastic and penetrating 6uid, 
ich philosophers call the electric £uid. 
CAor/ra. Tdu say a certain quanUty : is 
Sauted? 

Tutor, Irflcc other bodies, it undoubt- 
^ has its limits ; this glass will hold a 
tfiin quantity of water, but if I attempt 
I it more than that quantity 
T 



i 



2X8 EI^n-BKITT. 

part will flow over. So it is with tl 
trie fluid : there b a certwn quantity 
belongs to all bodies, and this is 
their natural quantity, and so long as 
contains neither more nor less thi 
quantity* no sensible effect is produt 
James. Has this table electricity 
Tutor. Yes, and so has the inkstan 
every thing else in the room ; and if 
to take proper means to put more 
than it now has, and you were to pu 
knuckle to it, it would throw it out 
shape of sparks. 

ymnes. I should like to see this i 
Charles, But what would happen 
should take away some of its natural 
tity ; 

Tutar. Why then, if jrou presenb 
part of your boc^ to the table, ai 
knuckle, a spark w.ottId go Iroin yon. 
table. 

James. But, perhaps, Charles mij 
have more than his natural share, 
that msc be could sot spare wf- t 
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PIWTrue; but to provide for tbiSf 
eartli OR which he stands would lend 
a little to make up for what he parted 
I to tbe table. 

mtea> This must be an amusing studyj 
ink I shall like it better than any of the 
9rs. 

itCor. Take care that you do not pay 
lie amusement before we have done- 
[ere is a glass tube about eighteen inches 
I, and perhaps an inch or more in diara- 
; 1 rub it up and down quickly in my 
I, which is dry and warm, and now I 
present it to thtsc fragments of paper, 
and gold-leaf : you see they all 
e to it. 'Iliat is called electrical attrac- 



•ks* They jump back again now, 
now they return to the glass. 
'itor. They are, in fact, alternately at- 
cd and repelled, and this will last se- 
l nninutes if the glass be strongly ex- 
[. I will rub it again, present your 
to it in several parts one after an- 
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yametm What is that stumping 
wise aomethmg like the pricUn 

TuMr* The sns^ing is oc 
little sparks wluch come from 
jour kaucUe^ and these give d 
».qF pun. 

Let us go into a dark roonif 
Ae experiment. 

Charles. 'Rie sparks are evic 
iiowy but I do not Imow where A 
ntim* 

' Tutor* The air and every thi 
the fluid which appears in tb 
sparks ; and» whatever be the c 
I do not attempt to explain, th< 
the glass with the hand collects 
air, and having now more thai 
share, it parts with it to you, c 
to any body else that may be n 
to receive it. 

James. Will any other subsU 
the hand, excite the tube 7 

Tutor. Tes, many others, and t 
science, are called the rubbers; a 
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(be, or whatever is capable of being thus 
icited, is called as ekcthc. 
Charltt. Are not all sorts of solid sub* 
nces capable of being excited ? 
Tutor. You may rub this pokeri or the 
wnd ruler for ever, without obtaining 
tectric spark from them. 
yames. But you said one might get a spark 
Dm the mahogany table if it had more than 
i share. 

Tutor- So I say you may have sparks from 

le poker, or ruler if they posseas more than 

keir common share of the electric fluid. 

Charles. How do you distinguish betwe< 

Odies that can be, and those that cannot be, 

Xcited .' 

I Tutor. Tb^ former, as I have told you, 

lire called electrics, as the glass tube; the 

fjbfffr, such as the poker, the ruler, your 

I'Jfody, and a thousand other substances, arc 

I ^nominated conductors. 

' , Char/es. 1 should be gUd to VnoN* {mi 

Eie distinction, becauat: V itw^' 
to remember it. 
T 3 ^ 
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Tuttr. That is right : when you heldjd 
knuckle to the gUss tube, you bad » 
sparks from the different parts of itH 
if I, by any means, overcharged a con 
tor» as this polceri all the electrici^ ^ 
come away at a single spark, because i 
superabundant quantity flows instantaneo 
ly from every part to that point where it hu 
am opportunitj of getting away. I will il- 
lustrate this by an experiment. But fitst^ 
all let me tell you, that all electrics are ci 
also non-conductors. 

I James- Do you call the glass tube afl) 
conductor because it does not suffer the d 
trie fiuid to pass from one part of it toa 
other ? 

7\ttor. I do : — silk, if dry, is a^ 
ductor. With this skein of sewing-sitt 
hang the poker or other metal substa: 
(Plate VII. Fig. 1.) to a hook in the d 
ing, so as to be about twelve inches i 
it ; underneath, and near the extremity, are 
some small substances, as bits of papen 
&c, I will eitcite A« ^aa* v>i«.,-i»ft.if«wa 
[ 't to the upper patx o^ ^^*^ ?»'*.«. J 
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■Charki. They are all attracted but Dov 
n take away the glass they are quiet< 
Tutor. It is evident that the electric fluid 
Bscd from one part of the tube through 
te poker, which is a conductor, to the pa- 
ir, and attracted it : — if the glass be pro- 
^y excited, you may take sparks from the 
iker. 

Jame»' Would not the same happen if 
lother glass tube were placed In the stead 
the poker ? 

Tutor. You shall try. — Now I have put 

: glass iu the place of the poker, but let 

: excite the other <qI;^is much as 1 will, 

to effect can be produced on the paper :— 

ftiere are no signs of electrical attraction, 

irliich shows that the electric fluid will not 

^s through glass. 

Charles. What would have happened if 

ly conducting substance had been used. 

if silkt to suspend the iron poker ? 

Tut^r. if J had suspended tlae ^Vwt 

th a moisteaed fit'iitpen strii\g, t^e *^^' 

*oid woi/. W Jia ve all p^sed aw avs , 
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dut, and there waiM hai 
veiy trifling) appcaiaacea i 
the end of the poker. 

Ton may vary these apt 
nuke yourselveB perfect wi 
distinction between electrics 
Sealing-wax is rd electric, i 
cited as well as a glass tube 
duce similar effects. I nil] 
of dtctria, and anodier of 
posed according to the ort 
ftctioOf beginniog in each E 
perfect of their class : thus 
electric than amber, and go 
Aictor than silver : 
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TABT.F. 


UCS. 


CeiTDUCTOBS. 


nds. 


All the metals in the &i- 


Stones, the 


lowing orders 


tparent the 


Gold; silver; ' 




Copper; platma; 




lliitssi iroor' 




Tin ; quicksilrer ; 


iibstanc^s. 


Lead. 


ids. 


The semi-metaU.t 


)n. 


Metallic ores.* 


substances. 


Charcoal. 


f wool, and 


The fluids of an animal 




body. 


jgar. 


\Vater, especially salt wa- 
ller and other fluids, ex- 


tediy. 


letalUc oz- 


oept oil. 




Ice, snow. 


lal and vege- 


Most saline substances. 


inces. 


Earthy substances. 


mes. 


Smoke ; steam, and even 


-- 


a vacuum. 



other chemical terms, are explained and 
strated in a work just published, by the 
Scientific Dialogues, cnUUed *'J)iaiogvc9 
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GONYERSATION XXIX 



Of tiie Electrical Machine. 



TUTOR. I will now explain to 
eonstruction of the electrical mach 
show you how to use it. 

Charles. For what purpose is it i 

Tutor Soon after the subject of t 

trie fluid engaged the attention of 

science, they began to contrive the 

methods of collecting large quantiti 

By rubbing this stick of sealing- wa 

collect a small portion : if I excite 

ihe glass tube, I get stiW. mot^* T!V 

therefore^ i#as, to find out ^ tc\ 

^hich the largest quantAtics c«£i 
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I, v^th as little trouble and expense as 
ay be. 

James. Tou get more electricity from the 
be than from the sealing-wax, because It is 
or siK times as large ; by increasing the 
of thetube, youwauld iocrease the quan- 
ity of the electric fluid, I should think- 
Tutor. That is a natural conclusion. 
It if you look to the table of electrics, 
'hich I made out yesterday, you will sec 
it had the wax been as large as the glass 
Lbe, it would not have collected so much 
Fthe electric fluid, because, in its own na- 
re, it is not so good an electric. 
Charles. By the table, glass stands as 
e most perfect electric, but there are se- 
Eral substances between it and wax, all of 
hich are» 1 believe, more perfect electrics 
an wax. 

Tiitor. They are : Electricians, there- 
■e, had no hesitation as to the nature of 
; substance = they fixed on glass, which 
Ang easily melted and run, or blown into 
sorts of forms,, is, on that acwunt^very 



338 ELECTBICm. 

The most common form th 
is that of a glass cylinder, fr 
inches in diameter to ten or t 
is one completely fitted up^% 
the cylinder a b is about eigt 
amctcr, and twelve or foutte 
this I turn round in &e frai 
the handle a c. 

James. What is the picci 
Kfor? 

Tutor. The cylinder woul 
without a rubber you know : 
count you see the glass pill 
being cemented into a piece i 
■ is made to screw into the I 
machine ; on the pillar is a cue 
is attached a piece of black si 

Charles. And I perceive 
made to press very hard ag^ 

Tutor, This pressure, wl 

der is turned round fast, acts 

the rubbing of the tube by tht 

la a still more perfect luantu 

Jt round. 
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mes. Here is not much sign of elcc- 

f yeu 

ttsr- No : the machine is complete, 
t has no means of collecting the fluid 
the surrounding bodies : for you see 
ushioD or rubber is fixed on a glass 
, and glass will not conduct the electric 

arlei> Neverthcleaa it does, by turning 
1, show some signs of attraction. 
itor. Evei7 body in nature with which 
re acquainted possesses a portion of 
luid, and therefore the signs which are 
evident arise from the small quantity 
1 exists in the rubber itself, and the at- 
here that immediately surrounds the 
ine. 

arlea. Wotdd the case be different if 
libber were fixed on a conducting sub- 
e instead of glass I 

ttor. It would ; but there is a much 
' method: t will attach one end of this 
chain to the cushion at R,which being ee- 
fcet long, lies on the tabic, ov ci\^ \.ha 
and this you jcnow is cotaicO 
- ///. U 



.U^y 



■TV powerful. 

low^huiten. 
incc is very bt 
ailk dan aH r 
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means other objects, with die 
which is he grand reservoir of the eltei 
fluid. Now see the effect of turning 
the cylinder : but I must make every 
of it dry and rather warm, by rubbing 
with a dry warm cloth. 
James. It ■" " — '-"' ■" 
a crack 

CharleS' 
ful: th 
the cylinder. 

Tutor, 1 will now bring to the cylindn] 
the tin conductor i, which is also placed i 
a glass pillar, f n, fixed iji the stand at h 

James. What are the points iu the tin coa- < 
ductor for? 

'I'litor. Tliey are intended to collect the 
flui.' from the cylindur. I will tutn iht 
cylinder, and do you hold your knucU* 
witliiii four or five inches of the cnnductor- 

Chii.-les, The painful sensations which 
these apurks occasion, prove that the elec- 
tric flu'.J IS a very pnwerful agent when col- 
lected in large quantities. 



^ 
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yV(/or. To show you the DRture of con- 
Icting-bodics, 1 wUl now throw ano- 
■ brass chain over the conductor, so that 
«nd of it may lie on the floor. See now 
you t:an get any sparks white 1 turn ihc 
lachine. 

les. No, I can get none, put my 
Dctle as near to it as I will. — Does it all 
n away by the chain ? 
Tutor. It does ; a piece of brass or iron 
ire would do as well ; and so would any 
inducting substance which touched the 
inductor with one end, and the floor with 
ic other : your body would do aa well as 
ie chain. Place your hand on the conduc- 
while I turn round the cylinder : and 
:t your brother bring his knuckle near the 
Dnductor. 

Charles I can get no spark. 
Tutor. It runs through James to the earth, 
nd you see his body is a conductor as well , 
ibe chain. With a very little contmafttfc^ 
an taie sparks iVom you or iw:u*ift> l|j 
ff as ^u did from the conductot. 
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James. I should like to see how thatU 
done. 

Tutor. Here is a small stool, having* 
mahogany top and glass legs. If you stud 
on that, and put your hand on the conduc- 
tor, the electricity will pass from the 
ductor to your body. 

Charles. Will ass legs prevent it 

from ruDuing fron. .. to the earth! 

Tutor. They will . and therefore whit 
he receives from the mnductor, he will t« I 
ready to part with tc ly of the surrouni-' 
ing bodies, or to you if you bring yo"! 
hand near enough to any part of him. 

yamet. The sparks are more paioiul u 
coming through my clothes, than whtnl 
received them on my bare hand. 

Tutor. They are : you understand, I 
hope, the process. 

Charles. By means of the chain trailing 
on the ground, the electric fluid is collected 
from the earth cm the glass cylinder, whJcl 
gives It through the points to the conductor 
from this it may be conveyed away ag^ 
by means of other conductors. 
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tor* Whatever body is supportedf or 
nted from touching the earth, or com- 
zsiiing with it, by means of glass or 

nonconducting sidbstances, is said to 
mhttd. Tlius a body suspended on a 
ine is insulated, and so is any substance 
(tands on glass, or resin, or wax, provi- 
hat these are in a dry state, for mois- 
will conduct away the electric fluid 

any charged body. . 



u2 
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iVEBSATION XXX. 



CHARLES. \ that shining HuB 

which I saw jou put rathe rubber yesierdayf 

Tutor. It is called amalgam -■ the rubber, 
bjr itself, would produce but a slight excita- 
tion : its power, however, is greatly increaa- 1 
ed by laying upon it a little of this amalgW). 
which is made of quicksilver, zinc, and tin- 
foil, with a little tallow or mutton suet. 

James. Is their any art required in using 
this amalgam 1 

Tutor. When the rubber and silk flap tre 
very clean and dry, «cA\iv<lun£ ^Ucc, the* 
spiread a Uttie oi tW Moa\®mk.v\iMB.viJ«f* 
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ither, and apply it to the upper part of 
kss cylinder^ while it is revolriag from 
by this means, particles of the nmal- 
will he carried by the glass itself to the 
r part of the rubbcrt and will increws 
xcitatioD. 

arle3> I think I once 5»w a globe* iB* 
, of a cylinder, for an electrical niachiae> 
«/•• You might: globes were used 
e cylinders^ but the latter are the most 
anient of the two. The most powerful 
rical machines are fitted with flat plates 
lass. In our experiments we shall be 
ml with the cylinder, which will ao- 
every purpose of explaining the prio- 
I of the science. 

•nea. Aa I was able to conduct the 
licity from the tin conductor to the 
id, could I likewise act the part uf the 
, by conducting the fluid from the earth 
e cushion I 

itor. Undoubtedly : I will take off the 
, and now do you keep your hand oti 
a while I turn the tianiiiE. 



^OD r^j 
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James. I see the mxchine works ss ' 
iis when ihe chain was on the ground. 

Tutor. Keep your present position, 
stand Qn the stool with glaas legs; 
which means there is now all commtn 
tion cut off between the cushion and 
earth ; in other words, the cushion is a 
pletely insulated, and can only take fi 
you what electricity it can get from J 
body. Go, Charles, and shake hands i 
your brother. 

Charles. It does not appear that thai 
chine had ukcn all the electricity from I 
for he gave me a smart spark. 

Tutor. You are mistaken ; he gave 
nothing, but he took a spark Irora you< 

Charles, \ stood on the ground ; I 
not electrified : how then could I give 
a spark i 

Tutor. The machine had taken | 

Jatnes the electricity that was in his 

and bv standing on the stool, that is, by 

ing insulated, he had no means of recer 

■ aay more fronn iha fcM:^^ ct ■asq * 
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OQght your hand near him, the electricity 
Bsed from you to him. 
Charles. 1 certainly felt the spark, hut 
Kther it went out of, or enttred into, my 
Iid> I cannot tell : have 1 then less than my 
are now? 

Tutor. No : what you gave to your 
other was supplied immediately from the 
rth.' Here is another glass-legged stool ; 
( you stand on this, but at the distance of 
foot or two from your brother, who still 
Kps hia place. 1 take the electricity from 
nt by turning the machine, and as he 
Bnds on the stool, he has now less than his 
lare. But you have your natural share, 
tcause though j'uu also are insulated, yet 
(lu are out of the influence of the machine ; ' 
ktend, therefore, your hand, and give him 
part of the electric fluid that is in you. 
, Charles. 1 have given him a spark. 

Tutor. And being yourself insulated, 
ju have now less than your natural quan- 
^, to supply which you shall have some 
give me your hand. Yoy. dww 
Tithoixtmy touching u'. 
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Charles, I did, but ii was near enoa^ 
to gel a strong spark from you. 

Tutor. When a person has leat cli 
city than hU natural share, he is aaid to 
electrified minus, or negatively : but if 
has more than his natural share, he 
to be electrified plus, or positively. 

James, Then before Charles gave 
the sparlc, I was electrified minua; 
when he had given it to me, he was mini 
till he received it from you. 

Tutor. That is rtghc< Suppose you 
on a stool and hold the rubber, and Chall 
■tand on another stool, and touch the pri 
conductor L, white 1 turn the machi: 
which of you will be plus, and which min 
electrified ? 

James. I shall be minus, bi 

to the rubber : and Charles will be plus, bo 

cause he receives from the conductor what 

, I gave to the rubber, and which is carried 

by the cylinder to the conductor. 

Tutor, You then have kes than yoursharei 
and your brother Vias motexh'wiVvtQu^htto 



.htto ^ 



1 

too ■ 
Ale.1 
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p^take from Charles what he haa 
d give it to you who have too little 
s it necessary tliat you sliould 
ted for this purpose i 

being insulated I may per- 
f back to James the very elcctri- 
Rb passed from him to you. But if 
1 on the ground, the quantity wliich 
Hike: frotD yon will pass into the eartli, be- 
[ cannot, unless 1 am insulated, re- 
E than my natural share. 

And what is given by you to rae 
itantaneously supplied by the 

I Tulon It is. Let us make another ex- 

ertment to show iliat the electric fluid ia 

n from the earth. Here are some little 

i (Plate VII. Fig. 3.) made of the piib 

If elder : they are put on thread, and being 

pry light, are well adapted to our purpose. 

While the chain is on the cuahionf and I 

■rork the machine, do you bring \he ba.Ua 

- the conductor by holding tVe \Vtt^ 
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Jamtt. They are attra 
the two halls repel each 
gure X. 

Tutor. I ought to h 

the upper part d of the U 

means you Icnow the bal 

silk is a noD-conductor> 

&om the cushion, and pu 

tor, so as to hang on th 

turn the machine. Will 

ed now, if you hold them 

James. No, they are i 

Tutor. Take them to 

Charles. They are attr 

now by being brought nt 

they were before, by bei 

conductor. 

Tutor. Yes. and yoi 
sparks from the cushior 
now from the conductor 
must be evident that th< 
brought from the c.-inh. 

Some machines are fu 
conductors, one of which 
the cushion, the other sue 



If 
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I. Turn the cylinder, and both con- 
3 will be electrified; but any body 
is brought within the influence of 
will be attracted by one of the con- 
8, and repelled by the other : and if 
1 or wire be made to connect the two 
:r, neither will exhibit any electric ap« 
ces : they seem, therefore, to he in 
te states ; accordingly electricians say, 
e conductor connected with the cushion 
;advely electrified| and the other is 
'ely electrified* 



If 
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CONVERSATION XXXL 



Of Electrical Attraction and Repulsion. 

JAMES. What is this large roll of s 
ing-wax for ? 

Tutor* As I mean to explain, this m( 
ing, the principles of electrical attrac 
and repulsion, I have, besides the electi 
machine, brought out for use a roll of s 
ing wax, which is about fifteen inc 
long, and an inch and a quarter in dia 
ter ; and the long glass tube. 

Charles* Are they not both electricSf 
capable of being excited ? 

Tutor. They are ; but the electricity j 
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eed by exciting them has dilFeretit ot 

ntraiy properiiea. 

James. Are there two kinds of electrics 

Ok- 

Tutor- We will show you an experiinenl 
fore we attempt lo give any theory.;— I. 
ill excite the ghss tube, and Charles shaB 
;cite the wax. Now do you bring the 
ih-balls, which are suspended on silk 
'ig. 3.) to the tube. They are suddenly 
avm to it, and now they are repelled 
im one anoiher, and likewise from the 
>e* for you cannot easily make them 
ich it again ;— but take them to the esr 
^ wax. 

James. The wax attracts them \'ery- 
werfuUy : now they fall together again» 
i appear in the same state as ihey wev 
before they were brought to the excited 
ie. 

Tutor' Repeat the experiment again 
d again, because on this two dilTercnt 
;ories have been formed. One of 

that there are two electricities, called' 
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by some philoaophers the vitreous 
tive electricity, uod resinous or 
electricity* 

Charles. Why are they called 
and resinousf 

Tutor. The word vitreous is L 
figiiiBes any glassy substance ; 
ti'ord resinous^ used to denote 
electricity produced by resins, ^ 
possesses different qualities from 
duced by glass. 

James. Is it not natural to sup 
there are two electricities, since th 
IV ax attracts the verv same bodies 
excited glass repels ? 

Tutor. It may be as easily e 
by supposing that every body, in 
ral state, possesses a certain qi 
the electric fluid, and if a part 
taken away, it endeavours to go 
other bodies; or if more be thn 
it than its natun\\ quanvvt^S*^^ Y^^ 
dilyto other bodies Oaai com^v^* 

"^uence* 



I 
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Charles. I do nov understand this. 

Tutor* If I excite this glass tube, the 
electricity which it exhibits is supposed to 
[. tome from my hand ; but if I excite the 
' loQ of wax in the same way, the effect is, 
• according to this theory, that a part of the 
dectric fluid naturally belonging to the wax, 
passes from it through my hand to the earth : 
and the wax being surrounded by the air» 
which, in its dry state, is a non-conductor, 
remains exhausted, and is ready to take 
sparks from any body that may be present- 
ed to it. 

yamcs. Can you distinguish th.it the 
sparks come from the glass to the hand ; 
and, on the contrary, from the hand to the 
wax ? 

Tutor. No : the velocity with which 
the electric spark moves, renders it impos- 
sible to say what course it takes; but f 
shall show you other experiments which 
seem to justify this theory : and 21^ Savv^x^ 
hvays works by the simplest mv:A^*^^»-» '>^ 
ems more consistent witV\ V\cy wsvvA o^ 

3; 2 
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rations, that there should be one fluid n* 
thcr than two, provided that known fflcti 
can be equally well accounted for, by one 
as by two. 

Charles. Can you account for all Ae 
leading facts by either theory ? 

Tutor* Yes, we can. 

You saw when the pith-balls were elecr 
trifled, they repelled one another. It is I 
goncral principle in tlectricity that two bo- 
dies having more than their natural share 
of the electric fluid, will repel one ano- 
ther. But if one have more, and the other 
less, than its share, they will attract one 
another. 

jfcwics. How is this shown ? 

Tutor. I will hold this ball, which is 
insulated, by a silk thread, to the con- 
ductor, and do you, Charles, do the same 
with the other. Let us now bring them 
together. 

Charles. No, wc cannot: they fly from 
one another. 
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'• I will hold mine to the insulated 
, and you shall hold yours to 
ductor while the machine is turn- 
r I suspect they will attract one an* 

$• They do indeed. 

?$• Ilie reason is this ; that the 
and whatever is in contact with 
with a portion of its electricity ; 
conductor, and the adjoining bodies 
ore than their share ; therefore^ 
applied to the cushion, being nega- 
ectrified, will attract the one con- 
^ith the conductor, which is posi- 
i^ctrified* 

• Here is a tuft of feathers, which 
in a small hole in the conductor : 
what happens when I turn the cy- 

• They all endeavour to avoid 
ler, and stand erect, in a beauti- 
tten Let mc take a spark from 
luctor: now they fall down in a 
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7\aor. When I turned the wheel 
all had more than their share of the 
trie fluid, and therefore they repellec 
another, but the rooment the elect 
was taken away, they fell into their 
ral position. A large plume of fesl 
when electrified, grows beauufully ti 
expanding its fibres in all directions, 
they collapse when the electricity is 
off. 

Vames* Could you make the hairs o 
head repel one another i 

Tutor. Yes, that I can. Stand a 
glass-legged stool, and hold the chaii 
hangs on the conductor, in your hand, 
I turn the machine. 

Chdrlesm Now your hairs stand \ 
end. 

James. And I feel something like 
webs over my face. 

Tutor. There are, howerer, no cob 
but that is the sensation which a pers< 
ways experiences \S Vv^ \i^ Vl^^ ^kcti 
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the pith-ball, Charles, near your bro- 
. face. 

mts. It is attracted in the same 
tt as it was before with the cotiduc- 

4or. Hence you may lay it down as 
leral rule, that all light substances 
jg within the influence of an electri- 
>ody, are attracted by it whether it is 
ified positively or negatively. 
arlea. Because they are attracted by 
mitivc electricity lo receive some of 
uperabundaiit quantity ; and by the 
ive, to give a,W3,y some that they 

8S. 

tor. Just so ; and when they have 
fed as much as they can contain, they 
epelled by the electrified body. The 
thing may be shown in various ways, 
ng excited this glass tube, either by 
ing it several limes throvigh my hand, 
' means of a piece of flannel, I wilt 
: it near this small feather. See how 

Kips to the glass, 
foes, and slicVs to 'VU 
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Tuter* Tou wiU obsenre^ that af 
minute or two, it will have taken as i 
electricity from the tube as it can 
when it will suddenly be repelled, 
jump to the nearest conductor ; upon ^ 
it will discharge the superabundant d 
city that it has acquired. 

James. I see it is now going to the gr 
that being the nearest conductor. 

Tutor. . I will prevent it by holdin 
electrified tube between it and the 
Tou see how unwilling it is to come 
in contact with the tube : by pursui 
can drive it where I please without t 
ing it. 

Charles. That is, because the glass 
the feather are both loaded with the 
electricity. 

Tutor. Let the feather touch the gr 
or any other conductor, and you wi 
that it will jump to the tube as fast as 
before. 

I will suspend this brass plate, wh: 
dbout five inches in diavcie^et, \.o ^^ 
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at, and at the distance of three or four 
;s below 1 will place some stnall fea- 
1, or bits of paper cut into the 6gures 
tea and women. They lie very quiet 

present ; observe their motions as sooa 

I turn the wheel. 

fames. They exhibit a pretty countty 

ice: they jump up to the top plate, and ' 

n down again. 

Tiiter. The same principle is evident 

jMl these experiments. The upper plate 
more than its own share of the clec- 

I fluid, which attracts the licde figures : 
■Qoi] 33 ihey have received a portion of 
jhcy go down to give it to the lower 

i and so it will continue till the up* 
; plate is discharged of its superabuoi- 
: quantity. 

will take away the plates, and hang a 
n on the conductor, the end of which 

II lie in several folds in a glass tum- 
r ; if I turn the machine, the electric 
d will run through the chain, and will 

tie inaidt of the glass. T\u.% do'CA^ 



3S 

I tum it quickly o\-er eight or l«| 
pjlh-balla, which lie on the table. 

Charles. 'J'hat is a very amusingi 
how they jump about \ They i 
fetch the electricity from the glass, i 
ry it to the table. 

Tutor. If, instead of the lowef 
plate, I hold in my hand a pane 1 
and very clean glass, by the corn< 
paper 6gures or pith-balls will not! 
because glass being a non-coiiducti| 
stance, it has no power of carrying 
the superabundant electricity from th 
suspended from the conductor. Bi 
hold the glass flat in my hand, the ^ 
will be attracted and repelled, whichf 
that the electric fluid will pass ij 
thin glass. 

Take now the following results, ani 
mit them to your memory. 

(I.) Iftwoinsulatedpith-ballsbeU 
aeai the conducWT^ ilWv ViA. \ 
other. 

*.) If an insuVateA t 
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with the cushion, and two insulated 
lis be electrified by it, they will re* 
h other* 

If one insulated ball be electrified 
prime conductor, and another by the 
:tor connected with the cushion, they 
tract each other. 

If one ball be electrified by glass^ 
nother by wax, they will attract 
then 

If one ball be electrified by a 
[i, and another by a rough excited 
id>e| they will attract one another* 



iJt. 
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rU'lXili. I will (how yew » 
ftJincc ur twfj of (hr cS<cU oT cle 
tnetton «m1 repuMoo. 

'flw •ppwatiw (Hitte VII. F^ 4)« 
•iMit of duvc belW w w p en i lft l IrmnsIi 
win, th« two outer OOM bf «iMrfl h 
cbginw the midftle bellf Md dw two din 
«x,srcwiqtti>d£doaflUfc' FromrtimiM 
bell there U ■ chiin h, whkb now a» 
tcbU, or any other coaduetwf •obMi 
TV belle ire now lo be hua( by em 
coadiutott tni the A mrfift A w w MiwW 
»"t toj 



,yame». The clappers go from bcU lo 
il, and make very pretty music : how do 
B tzplaiD this I 

titlor^ The electric fluid runs down the 
nu 41 and b to the bells A b, these having 
nc than their natural quantify, attract the 
flper X- X which take a portion from x 
i S, and carr)' it to the centre bell m, and 
I, by means of the chiun, conveys it to 

eartii. 

CharU*. Would not the same eficct btt 
duced if the clappers were not suspended 

^tffr. Certait.ly not : nor will it be pro- 
ed if the chain be taken away from the 
Nf because then there is no way left to 
y off the electric fluid to the earth. 
Another amusing experiment U thus 
(WO. Let there be two wires placed cx- 
iy one above another, and parallel ; the 
per one must be suspended from the con- 
Ctor, the other is to communic-Ue mih 
^ble. A light image placed XieW 
fill, when the conduclot ia t\etWiS«Ji 
like a rope-dancer. 
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|f mecunHKly, tbe sirengih o( any given 

M^ ¥*», you may ; but yo« see how 

tbe air carries away the electricity, k 
nhr reaiaina a sit)[^ moment in the 
I to wliich it was repelled. Two pitl> 
kn»y be fiu<^ended paniUel to one ano- 
teo «iIkL-n threads, and applied to any 
Q)f an electrical machine, and thev wiilt 
teir tepulsion, serve fur an electrometer, 
HvT will repel one another the more, as 
lachit^ acts more p(*wcrfnlly. 
me$> flas this any advantage over the 

Uar. It serves to shew wliether the 
fitlljr be negative or positive J for if it 
H0nve, by apiilying an excited stick of 
t^wn, tlie thmids wilt fall together 
I'^Ut if it be negailvf , excited aealing- 
W fesin, or sulphur, or even a rod at 
\ the p'llish of which is taken off, wiH 
I'ihtRi recede farther. 
i have now perhaps said enough re- 
fegj jcctrieal attraction and repulsion, 
■BOH^HKnt ; 1 wish you, j 
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ever, to commit the following result 
your memory. 

(1.) Bodies that are electrified fiorii 
repel each other* 

(2.) Bodies that are electrified nef^ 
repel each other. 

Charles* Do you mean, that if two b 
have either more or less of the electric 
than their natural share, they will repel 
other if brought sufficiently near ? 

Tuton 1 hat is exactly what I meai 

($•) Bodies electrified by contrary ] 
ers ; that is, two bodies, one having n 
and the other less, than its natural si 
attract each other very strongly. 

(4.) Bodies that are electrified at 
light substances which are not electrific 

These are facts which, I trust have 
made evident to your senses. To-.mo 
we will decribe what is usually callec 
Leyden phial. 
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Of the Leyden Phial or Jar. 

TUTOR* I will take away the wires and 
the ball from the conductor, and then re- 
move the conductor an inch or two farther 
bom the cylinder. If the machine acts 
strongly, bring an insulated pith-ball, that 
is, you know, one hanging on silk, to the 
end of the conductor, nearest to the glass 
cylinder. 

Charles* It is immediately attracted. 

Tutor* Carry it to the other end of the 
conductor, and see what happens. 

Charles. It is attracted •A^?L\n", bvit. 1. 
bought it would have been rtiipdX&Ci.% 
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Tutor- Then as tlie ball was clettiiB) 
before, and is stUl ottractedt joa 
that the electricity of the two ends of tl 
conductor ate of different names; thai 
one is plus, and the other minus. 

Jame.\. Which is the positive, and vriiic 
is the negative end i 

Tutor. Thut end of the conductor wbh 
is nearest to the cylinder, becomes posaesi 
ed of an electricity different from that 
the cylinder Itself. 

James Do you mean that if the cyl 
der is positively electriiied, the end of 
conductor next to it is electri&edacgati* 
ly! 

Tutor. I do : and this you may see bj 
holding an insulated pith-ball betmcl 
them. 1 

Charles. Yes, it is now very evidm 
for the ball fetches and carries as w« hm 
seen it before. I 

Tutor. What you have setm with r«gan 
to the conductor, is equally true with » 
spect to non-coT\ducun^ W&c^. U«:c«vk4 
moa glass ttttiibWr -. \l V ^i^tw71 ■«\a4 
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greater portion of electricil)' than 
natural share, nnd hold it in my hand, 
place it on any conducting substance, 
lMci a part of the electric fluid, that na- 
ally belongs to the outside, will make its 

through my body, on the tabic. 
fjharlta. Let me try this. 
Tutor. But you must be careful that you 
itot break the glass. 
C/uirlet' 1 will hang the chain on tho 
uctor, and let the other end lie on the 
of the glass, and James will turn 
machine. 

Tutor. You must take care that the' 
does not touch the edge of the glass^ 
BC when the electric fluid will, by that 
EKns, run from one side of it to the other, 
d spoil the experiment. 
yamen. If I have turned the machin^ 
igh, take the chain out, and try the two 
1 with the insulated pith-ball. 
Otarles. What is this l SometVvo^Vasij^ 
lugh my arms and aY\QV;^^^*' 



Tutar. That is a u-'iOing electrical >Ilfl| 
which you might have av^'ided) if }'Wi^l 
Vaitcd for my d'-rectioas. ^H 

Charles, Indeed it was not trifling^l 
fee) it now. ^| 

Tutor, This lesds us to the LeydenpnH 
to called, because the discovery was ^| 
made at Leyden, in Holland, and by fl^H 
sf a phial or small bottle. ^| 

James. Was it found out in the 4H 
manner as Charles has just discoverd >hH 

Tutor. Ntarlyso. Mr. Cuneus, a Oi^| 
philosopher, was holding a glass ptual JalB 
hand, about half filled with water, hucfl 
sides above the water, and the outside n 
quite dry^ a wire also hung from then| 
doctor of an electrical machine into the ]fl 
ter. V 

James. Did that answer to the ch«ncB 

'Alitor. Just so : and, like Charles, he M 

going to disengage the wire with one hall 

as he held the bottle in the other, and in 

surprised and alarwxed Vj>j a K-\ftAic^ ^w;^ 

in ftis arms, and throvi^V \i:w 't.-c^t^x, -rf^ 

lie iiad not the least ex¥ec-^<^<i- - 



jCharlet. I do not think there was anjt 
^Blk to be alarmed at. 

Tutor. The shock which he felt wa«( 
Dbably, something severer than that whi<^ 
m have just experienced : but the terror 
» cvidendy increased by its coming 
mdtitely unexpected. 
Whea M. Muschenbroeck first felt thor 
Stl, which was by means of a thin glaaa 
'\.juid very slight, he wrote to M. Keau-' 
or, that he felt himself struck in his arms^ 
lulders, and breast, so that he lost hi: 
tatb, and was two whole days before he 
overed fiom th e effects of the blow. 
Charles. Perhaps he meant the fright. 
Tutor. Terror seems have been the ef- , 
of the shock : for he adds, " I would' 
take a second shock, for the wholtt' 
igdom of France." 

[r.Ninkler, an experimental philosopher* 
Leipstc, describes the shock as having gi< 
n him convulsions, a heaviness in his head, 
he should feel if a large stone wcrt 
it, and he had reasoD lo dveid a. fevM, 
which be putlumseU o^atow 



of cooling medicines. " Twice," 
*' it gave me a bleeding at the nose, t 
1 am not inclined : and my wife, ' 
riosiiy surpassed her fears, rcceid 
shock twice, and found herself sdj 
that she could scarcely walk. Nevclj 
io the course of a few days, she recel 
Other shock, which caused a blcedii^ 
nose." ii 

yames. Is this called the Leydea 
Tutor. It is. They are now madi 
manner (Plate vii. Fig. 6.) B a i^ 
jar, both inside and out are coven 
tin foil about three parts of the waj 
far as :r. I 

Charles. Does the outside covd 
BWer to the hand, and the inside q 
to the water i j 

Tutor. They do. The piece of «) 
placed on the top, merely to support || 
wire and knob v, to the bottom of 
hangs a chain that Yca\.4 c.t\ \!cift ^ 
the jar. I will now aet^ixt \mj 
* Uatioo that ix shalV be "» " ''' 



^^^"^ OF I'ftHYSStteO' JAB, SBS' 

■wkoC the conductor, while I work the 

^^^B The sparks (ly rapidly from the 
^^^Br to the Icnob v. 
mmr- By thai means, the inside of the 
■ becomes charged with a superabundant 
pURity of electricity : and as it cannot con- 
k tlusj wiiliout, at the same time, driving 
ny an equal quantity from the outside, the 
kdcispositivelyclectrilied, and thenutside . 
uegativety ekctrified. 'I'o restore to the 
niKbrium* I must make a communicatioa 
nreen the outside and inside with some 
■Bducting aubatance. That ia, I must make ' 
tt Mine substance touch, at the same time» 
■e outside tin foil, nnd that which ia with- 
% or, which is the same thing, another Bub> 
noce ihat docs touch it. 
f Charles. The brass wire touches the in* 
|de : if I, thercftirci with one hand touch 
he koob, and with the other the outside 
pircring, will it be sufRcient i 
\ Tiaor. It will : but I had rather you 
inald not, because the shock will be more 



f you to experience. Here is a bn 
wiih two Utile balls or knobs b a sa 
it (Plate vji. Fig. 7.) I wiU brinj 
them, as s, to the outsivle, and the I 
to the ball n on the wire, 
James. What a briUiaot spark, 3 

Tvtor. The electric auJd, that o 
the light and the noise, ran from th 
of the jar through the wire to s, an^ 
itself over the ouslde. | 

Charles. Would it have gone 1 
ny arms If I had put one hand to i 
gid«, and touched (he wire coinini]| 
with (he inaide* with the other ? 

Tutor, It would, and you mayc 
that the shock would have been in ] 
tion to the quantity of the fluid ct 
The insirument I used may be callc 
charglng-rod, But here is a more « 
ent one (Plate vii. Fig. 8,:) the hJ 
is solid glass, fastened into a brass : 
and the brass wort la tW %awit; aa! 
only by turning on a jovw. 
opened to any extent. 



M 
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^amesm Why is the handle glass ? 
Tutor. Because glass being a non-con- 
:tor, the electric fluid passes through the 
tS8 work without affecting the hand; 
ereas, with the other^ a small sensation 
B perceived while 1 discharged the jar. 
Charles. Would the jar never discharge 

af? 

liitor. Tes : by exposure to the air for 
ne timef the charge of the jar will be si- 
dy and gradually dissipated, for the su- 
■abundant electric fluid of the inside will 
ape, by means of the air* to the outside 
the jar.— -But electricians make it a rule 
rer to leave a jar in its charged state* 



SoNTERSATION XXSIT. 



or the L^dca Ju^-I.ane'9 dischar^ng EUctMim> 
and the Eleclrici Batter;. 

CEARLLS. In discharging the jw I# 
tierdly, I observed that when one of 
disdiarging-rods touched the outside ofW 
jar, the flash and report took place beforfil 
the other end came in contact with the 
wire that communicates with the 
coating. 

Tutor. Tes, it acts in the same m( „ 

as when you take a spark from the condfflPJl 
tor; you do not, for that purpose, briAJ 
your knuckle close to the tin. '* | 

James. Sometimes, when the machiiid 
acte very powerfullv, you may get the^tff 
a the distance of several inette*. '• '^' 
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Tutor* By the same principle, the higher 
ID ekctrical or Leyden jar is charged^ the 
I |ure easily, or at a greater distance, is it 
sfscharged. 

I Charles, From your experiments it does 
1^ seem that it will discharge at so great a 
f&tance as that in which a spark may be 
jftdKo from the conductor. 
k Tutor* Very frequently a jar will dis- 
Ifbarge itself, after it has accumulated as 
inch of the electrical fluid as it can ctotain ; 
It is, the fluid which is thrown on the in- 
coating will make its way over the 
I, tliough a non-conductor, on to the 
tide coating. 

JameSm In a Leyden jar, after the first 
irge, you always, I perceive, take an- 
:r and smaller one* 
I Tutor. The tin foil on the jar not being - 
^perfect, conductor, the whole quantity of 
hid wil^l not pass at first from the inside 
Dthe out: what remains is called the rest" 
kdtn^ and this, in a large jar, would give 
|Li a considerable shock ; therefore^ 1 ad- 
lib you silwsLys, in discharging «a ^\^CCc\* 

z 2 
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cal jar, to take away the residuum beEH#V^ 
you venture to remove the apparatiUt VV^ 
ivill now describe an electrometert wlr****^-^ 
depends, for iu action, on the prindf 
we have beep describing. ' •! 

Charles. Do you mean upon the jars &t:^ 
charging before the outside and inside coal)^ 
ing are actually brought into contact ? 

Tutor. I do. (Plate vii. Fig. la) The 
arm d is made of glass, and proceeds from 
a socket on the wire of the electrical jar r« 
To the top of the glass arm is .cemented 
another brass socket £, through which a 
wire, with balls b and c at each end, wiS 
slide backwards and forwards. 

James. So that it may be brought to any 
distance from the ball a, which is on the 
wire, connected with the inside of the jar? 

I^utor. Just so. When the jar f is set 
either in contact, or very near the conduc- 
tor, as is represented in the figure, and the 
ball B is set at the distance of the el^th 
of an inch from. \5cv^>a2?\ k^Vx-'^l^nvc^ <v 
be fixed between tVve >a^ c -axv^L ^^ c.>a\s^ 
coatmg of tne jar. »-«^^ 



LANE'S ELECTROMETER. TTl 

L^iae b worked, the jar cannot be charged 
^nd a certain point, for when the charge 

strong enough to- pass from a to the 
11 B, the discharge will take place, and 
e electric fluid collected in the inside will 
(18 through the wire c k to the outside 
nting. 

Charks. If you remove the balls to a 
peater distance from one another, will a 
ronger charge be required before the fluid 
in pass from the inside of the jar to the 
ill B, of the electrometer ? 

Tutor* Certainly : and therefore the dis- 
large will be much stronger* L'his ma- 
line is called Lane's Discharging Elec- 
ometer, from the name of tlic person who 
vented it. It is very useful in applying 
le electric shock to medical purposes, as 
e shall sec hereafter. 

This box contains nine jars or Lcyden 
liials; (Plate viii. Fig 9.) the wires which 
noceed from the inside of each three of 
lese jars, are screwed or fastened to a com- 
lon horizontal wire e, which is knobbed 
; each extremity, and by means of the 



9J 

vim V r, Uk tuitU covttD^ of S a fl, K 
the whole 9,.iu}' be ciooecic^ 

Jamtt. Is » > cammoa bea. ta vludiifaij 
j«a are placed •' 

Tutor. Tbe iin'.ile of ihc htnc » rnd 
with Ud foil ; eomctimrs very ttnn ti 
are used, for ihe fnirposc of < 
more effectually the ouiude c«AttDg& of lA 1 
the jars, 

Chcrie*' ythat is the faook c oaoQctif ] 
die auli:s of the box for? 

Tutor, 'i'o this hook is fastencti a una 
wire, which communicates with the insii 
lining of the box, and, of course, with iht 1 
outside coating of the jars, jlnd, as jxnvrl 
Bee, to the hook a wire is aUo fasten 
which connects it with one branch of d 
discharging rod. 

James. la there anj;^ particular art to b 
used in charging a battery I 

Tutor. No ; the best way is, to hnogp 
chain, or piect of wire, from the conduM*! 
tor lo one of the bidU on t.he rods that rotM 
upon the jai&> aBOh\^ikt«\i!c<fc\i 
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k> The electric^fluid passes from the 
luctor to the inside of all the jars, 
tt is charged sufficiently high for the 
lose. Great caution, however, must 
Ifid when you come to make experiments 
)a battery, for fear of an accident, either 
^self, or to spectators. 
harks. Would a shock from this be at- 
ed with any bad consequences .' 
bfor. Yes : very serious accidents may 
»en from the electricity accumulated 
large battery, and even with a battery 
I as is represented in the plate, which 
is of the smallest made ; a shock may 
[Ven, which, if passed through the head, 
ithcr vital parts of the bodv, may be 
>ded with very mischievous effects. 
'fitnes. How do you know when the 
toy is properly charged '. 
'fitor. The quadrant electrometer (Hate 
Fig. J.) is the best guide, and this may 
^ed either on the conductor, or upotl 
of the rods of the batttry. Bat iS Vi.\s. 
KgUbs ^battery, the stem o( 'u. ^tvcK&^ 
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be of a good length, not less than twelve • 
fifteen inches. 

Charles, How high will the index stai 
when the battery is charged ? 

Tutor. It will seldom rise so high as 9C 
because a niachiney under the most favoi 
able circumstances, can::ot charge a batte 
so high, in proportion, as a single jar. T 
may reckon that a battery is well charg 
when the index rises as high as 60®, or b 
tween that and 70®. 

James* Is there no danger of breakii 
the jars when the battery is very high 
charged ? 

"Tutor* Yes, there is ; and if one jar 
cracked, it is impossible to charge the othei 
till the broken one be removed. To preve 
accidents, it is recommended, not to di 
charge a battery through a good conductc 
except the circuit is at least five feet long 

Charles. Do you mean the wire shou 
be so long ? 

'Jfitor* Yes, \£ yoM ^^c&s \N\^ 0«v«s 
through that ; but you m^y c^c^^Vv.NiKt': 
any conductor* 



ELECTBICAL BATTERY. 8f| 

Before a battery be used, the uncoated 
rt of the jars must be made pertectly 
an and dry, the smallest particles of dust 
U carry away the electric fluid. And af« 
an explosion, always connect the wire 
im the hook, with the ball, to prevent 
f residuum from remaining. 
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CONVERSATION X3tt^ 



Es^riments made with the Electrical E 



, TUTOR. I will now show yc 
experiments with this large batte: 
perform these in perfect safety, 1 n 
you to stand a good distance from 
will prevent accidents. 

Example 1* I take this quire of 
paper, and place it against the I 
wire that comes out of the box ; ai 
the battery is charged I put one 
the dischargmg-Yod to ^ ksioh o€ 01 
wires f , and >at\t\^ ^^ ^a«CsNRx 
that part of tVic i?ap« ^2^^ '^^ 
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Irirc, proceeding from the box. You 
►hat a hole it has made through every 
t of the paper. Smell the paper where 
lerforation ia. 

karles. It smells like sulphur. 
War- Or more like phosphorus. You 
rve, in this experiment, that the elec- 
luid passed from the inside of the jars 
(igh the conducting rod and paper, to 
iulside. 

hies. Why did it not pass through 
bper, in the same manner as it passed 
^ass discharging rod, in which it made 
Dlef 

itor- Paper is a non-conducting sob- 
It, but brass is a conductor : through 
itter it passes without any resistance, 
fln its endeavour to get to the in- 
tof (he box, it burst the paper as you 
('The same thing would have hap- 
\ had there been twice or thrice as 
i paper. The electric fluid of a sin- 
I* will pierce through maxi^ iVvee,^^ lA 

A a 
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ir. It will set it oa fire instantly, 
mple 4. Tiike two slips of commoa 
r-glass, about four inches long, and 
ch broad : put a slip of gold>leaf 
a the glasses, kaving a small part of 
aX each end, then tie the glasses !(}• 
, or press them with a heavy weight, 
jd the charge of the battery through 

connecting one end of the glass 
he outside of the jars, and bring- 
t discharging-rod to the other end, 

the wires of the inside of the bat* 

ie»- Will it break the glass ? 

ar. It proliably will : but whether it 

»r not, the gold-leaf will be forced 

le pores of the glass, so as to appear 

)ss stained with gold, which nothing 

lah away. 

mple 5. If the gold-leaf be put be- 

two cards, and a strong charge pass- 

ongh it, it will be completely fused 

ted, the marks of which will appear 

card. 
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This instrument, (Plate vii. Kg. 11 
called an universal discharger, is very m 
ful for passing charges through many sii 
stances, b b are glass pillars cement 
into the frame a* To each of the piOi 
is cemented a brass cap, and a double joi 
for horizontal and vertical motions ; • 
the top of each joint is a spring tui 
ivhich holds the sliding wires c at, c Jir, 
that they may be set at various distanc 
from each other, and turned in any din 
tioii ; the extremities of the wires a 
pointed, but with screws, at about half 
inch from the points, to receive balls. T 
table E D, inlaid with a piece of ivor)', 
made to move up and down in a sock 
and a screw fastens it to any required heig 
The rings c c are very convenient for i 
ing a chain or wire to them, which p 
ceeds from the conductor. 

Charles. Do you lay any thing on 
ivor}', hetwcien the b2Als^ >n\\^w ^^ow w 
to send the c\\arg^ o^ ^ \i;x\x^\^ ^x^ 

it? 



YeB J and by drawing out the 
balls may be separated to any 
15 than the length of the ivory. 
B (Plate VII. Fig. 12.) rcpre- 
3, which may be substituted in 
of the table e. d. It consists of 
of mahogany, which may be 
together by screws. 
James. Then instead of tying the slipa 
glass together in Example 4, you might 
re done k better by malting use of the 

T^tor. I might ; but I was willing to 
ow you how the thing might be done, 

no such apparatus as this were at hand* 
if the table and press, which, in 

;t, always go together, is for keeping^ 
sady all descriptions of bodies through 
bich the charge of a single jar, or any 
itnber of which a battery consists, is to 

conveyed. We will now proceed with 

i experiments. 

Example 6, I will ta.Ve l^^c V«Jb 
tke wires of the umvcxM\ Sx&dffll 
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ger, and having laid a piece of very 
ivriting paper on the table £f 1 place 
p'>ints of the wires at an inch or 
fr<'*m one another ; then, by conn 
one of the rings c with the outitfde 
or hook of the battery, and bringing 
dischctrging-rod from the other ring c 
one of the knobs of the battery, 
will see that the paper will be torn 
pieces. 

Example 7. The experiment which M 
am now going to make, you must never at- ;) 
tempt by yourselves: I put a litde gun- 4 
powder in the tube of a quill, open at both 
ends, and insert the pointed extremities of 
the two wires in it, so as to be within a 
qu.irter of an inch or less from each othtfi; 
I now send thf charge of the battery through 
it, and the gunpowder, you see, is instantly 
inflamed. 

Example 8. Here is a very slender 
wire, not a hundredth part of an indi 
in diameter, which I connect with the 
wires of the discharger, and send the charge 



EXPERIMENTS. 2UJ 

of a battery through it, which will com- 
..pletely melt it, and you now perceive 
'die little globules of iron instead of the 
^diin wire. 

Charles. Will other wires besides iron 
be melted in the same manner ? 

Tutor* Yes, if the battery be large 
enough, and the wires, sufficiently thin, 
the experiment will succeed with them 
all : even with a single jar^ if it be pretty 
large, very slender wire may be fused. 
But the charges of batteries have been 
used to determine the different conducting 
powers of the several metals. 

James. If the charge is not strong 
enough to melt the wire, will it make it 
red hot? 

Tutor. It will : and when the experi- 
ment is properly done, the course of the 
fluid may be discerned by its effects : for 
if the wire is about three inches long, it 
will be seen that the end of it, which is 
connected with the inside of the battery, is 



3g( ELBL'IltltilTt. 

ted-hot lirst, anil the redness proceeds 
wards the oiber> 

Charki. Th»i is a clear proof that] 
aaperabuDdant electricity accumukted; 
the inside is carried to the outside of 
jars. 

Tutor' Example 9. Wehaveinthepre* 
volume discussed the subject of magnetic 
and we may here observe that by discbarj 
the battery tliroagh a small sewing nee 
it will become magnetic, that is, if the 
die be accurately suspended on 
piece of cork in a basin of wateri one 
will, of itself, point to the north, 
other to the south. 

Example 10. I will lay this chain 
sheet of writing-paper, and send the ch^ 
of the battery through the chain ; and i 
will see black marks will be left on the 
per in those places where the rings of 
chain touch each other. 

Example 11. Place a small piece 
very dry wood between the balls of 
U(uver3a\ di^tWr^ta aa v:aas,-CoR.' 



EWPEEtMENTS. 

Wood may be in the clireclJon of the 
a, and pass the charge of the battery 
mgh them, the wood will be lorn in 
«s. The points of the wires being run 
I the Wood, and the shock passed through 
D, will effect the same thing, 
txample 12- Here is a glass tube, 

!Q at both ends, six inches long, and a 

irter of an inch in diameter. These 
:es of cork, with wires in them, exactly 
the ends of the tube. I put in one 

k, and fill the tube with water, then 
the other cork in, and push the wires so 
; they nearly touch, and pass ih? charge of 
battery through them, you see the tube 

>roken, and the water dispersed in every 



To prevent accidents, o, wire cn^, such ns il, 

in some experiments on tiie lir-pump, should 

put over the tube before the discharge is mide 

\ig persoDB should not allempl l\ua cx^eftTbRxft. ^if 
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Charles. If water is a good conductor, | 
ho'w is it that the charge did not r 
through it without breaking the tube J 

Tutor, The electric fluid, like Oi 
mon fire, converts the water into a bi{^ 
clastic vapour, which occupying very sod 
denly a much larger space than the waK 
bursts the tube before it ciu egect a 
meaaa of eacapei 



ELECTRIC SPABK, 



CONVEBSATION XXXVll. 



the Electric Spark, and MisceUaneousExpcrm 

TUTOR. I wish you to observe some 

:tB connected with the electric spark. By 

beans of the wire inserted in this ball, 

: it to the end of the coruluctor, and: 

ing either another brass ball, or my 

Inuckle to it, and if the machine act pretty 

^werfully, a long crooked, brilliant spark/ 

Irill pass between the two balls, or between 

le knuckle and ball. If the conductor is 

tegative, it receives the spark from the 

ociy i but if it is positive, the hall or the 

uiuckle receives the spark from the con- 

icior. 

CAaries. Does the size ol ftvt ^■^ai«. ^- 
irf at all oa the size of tS\t cattAj«sat\ 
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Tutor* The longest and largest sparb 
are obtained from a large coDductor, pro- 
vided the machine act very powerfbllyt 
When the quantity of electricity is small, 
the spark Ls stnught ; but when it is stroiig» 
and capable of striking at a greater dis* 
tance, it assumes what is called a zig-zag 
direction. 

y antes. If the electric fluid is fire, wby 
does not the sparkf which excites a j^unfol I 
sensation^ burn me, when I receive it anmj 
hand? 

Tutor* Ex. 1. I have shown you that 
the charge from a battery will make iron 
wire red-hot, and inflame gunpowder. Now 
stand on the stool with glass legs, and 
hold the chain from the conductor with 
one hand. Do you, Charles, hold thb 
spoon, which contains some spirit of wine, 
to your brother, while I turn the machine, 
and a spark taken from his knuckle, if large, 
will set fire to the spirit. 

Charles. It has indeed. Did you do 
nothing with the spirit ? 



EXPEKISITOTS, 

► Tutor. I only made the silver spoon pretty 

1 before I put the spirit 
pEx. S. If a ball of box-wood be placed 
^ the conductor instead of the brass ballf < 
irk taken from it will be of a fine red 

Ex. 3. An ivory ball placed on the con- 

bctor will be rendered very beautiful and 
miaous if a strong spark be taken through 

S centre. 

' £x. 4. Sparks taken over a piece of 
^ver leather appear of a green colour, and 

Wer gill leather of a red colour. 
I Ex. 5. Here is a glass tube (Plate vil. 
wig. 13.) round which, at small distances 
nom each other, pieces of tin foil are 

isted in a spiral form, from end to end : 
^a tube is enclosed in a larger one, fit- 
ted with brass cups at each end, which 
ire connected with the tin foil of the inner 
1 hold one end A in my hand, and 
brhile one of j'ou turn the machine, I will 
present the other end u to the conductor, to 

ikc sparks from it. — But first shut the, 
windo W'sh utters. 
\ Vol. III. n b 



Charle*- This is a vety beaotiiul < 
rtment. 

Tutor. The beauty of it constsu i 
distance which is left betwecD the piec 
tin foil, and by iDcreasiag the numb 
these distances, the brilliancy is very i 
hughtened. 

Ex. 6. The foUowiog is anotiicr i 
riment of the same kind. Here is a i 
with which you are acquainted (Plate 
Fig. 14.) made on glass, by meaos of' 
foil pasted on glass, fixed 
balced wood. I hold the frame in 
hand at h, and present the ball g to the < 
doctor, and at every considerable ! 
the word is beautifully illuminated. 

Ex. 7. A piece of sponge filled 
water, and hung to a conductor, when 
trifled in a dark room, exhibi 
appearance. 

Ex. 8. This bottle is charged: if I 
the brass knob that stands out of it, 
basin of water which is insulated, it 
attract a drop ; and, oti A* tew^tival of 
k it will aasunit a citivt*. *a^. 
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brought WOT any conducting substance, J 
will fly to it in luminous streams- 
Ex. 9. Place a drop of water on tbi 
conductor, and work the machine, thl 
imp will atTord a long spark, assume a c< 
ieal figure, and carry some of the " 
with it. 

£x. 10. On this wire I have fixed 1 
piece of sealing-wax, and having fixed dm, 
trirc into the end of the conductor, I wUft 
Ught the wax, and the moment the machiiK 
is worked, the wax will fly off in the fi 
flamenta imaginable. 

Ex. 11. 1 will wrap some cotton-w 
iround one of the knobs of my dischargingn 
•rod, and fill the wool with finely bruise^ 
Ksin ; I now discharge a Leyden jar* or a 
iKttteiy, in the common way, and the woof 
58 instantly in a blaze. The covered kniA^ 
must touch the knob of the jar, and th 
discharge should be effected as quickly a 
possible. 

You will remember that the electric fluiA 
I always chooses the nearest road, and t 

L .^ 
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llha tame way lean make holes all round 
phial. 

Cbariet. Would the experiment succeed 

tdt water instead of oil } 

Tutor. No, it would aot. 

James, At aoy rate we see the course of 
electric fluid in this experiment, for the 
rk comes from the conductor down the 
e, and through the glass to the thumb. 

Tutor- Its direction is, however, better 
iwn in this way. 

Ex. 14. At that end of the conductor 
ch is farthest from the machine, I fix a 
u wire, about six inches long, having a 
dl brass ball on its extremity. To this 
, when the machine is at work, I hold 
flame of a wax taper. 

Charles. The flame is evidendy blown 

om the ball, in the direction of the electric 
it has a similar effect to the blast of 

pair of bellows. 

Ez. 15. I will fix a pointed wire upon 
prime conductor, with the point out- 

ard, and another like wire upou \\\t'wisa:. 

K. Shut the ■w'mdo'w-iiaas.w 
Bb2 
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CONVERSATION XXXVIII. 



TUTOR. I shall proceed this raorninjf 
Hth some other experiments on ihe electri- 
al machine. 

Ex. 1. Here are two wires, one of whicU 
I connected with the outside of this charg- 
d Leyden jar, the other is so bent as easily 
I touch the knob of the jar. The two 

aight ends I bring within the distance of 1 
ic tenth of an inch of one another, anil I 
ress them down with my thumb, and in 
iis posidon, having darkened xVe "cootQ-iV 
ichargtd the jar. Do you VooV. xi^wv 'W'^ 
mb. 
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EL^CTWCITY. 
It was SO transparent HaxM 



Charlex' 
thinic I even saw the bone of the thumbs 
But did it not hurt you very much i 

Tutor. Widi attention, you might obsefl 
the principal blood vessels, 1 believe ; 
the only inconvenience that I felt was ad 
of tremour in my thumb, which is byl 
means painful. Had the wires been J 
double the distance, the shock would h 
probably made my thumb the circuit, wM 
must have caused a more powerful and B 
pleasant sensation, but being so close, fl 
electric fluid leaped from one wire to f 
other, and during this passage it illumina 
my thumb, but did not go through it. 

Hx. 2. If, instead of my thumb, 
canter full of water, having a flat botti 
were placed on the wires, and the dischs 
made, the whole of the water will be beai^ 
tifully illuminated. 

Ex- 3. This small pewter bucket is fuSI 
of water, and I suspead it from the ptime 
conductor, and put \n a ^as?. ^--^ot 
bore so narrow t\iat tVa -waxsT -s 
drop »..#- S ee wtat v^AV ic».?-5«'^ -wj 



EXPERIMENTS, 
B machine ; but first malce the rooia 

It runs now in a full stream, or' 
several streams, all of which are U- 
licated. 
itor. Ex. 4. If the knob a (Plate viit. 
16.) communicate wiih the outside of 
charged Leyden jar, and the knob b with 
ic inside coating, and each be held about 
ro inches from the lighted candle x, and 
^posite to one another, the flame will 
iread towards each, and a discharge will 
i made through it : this shows the conduct- 
g power of flame. 

This instrument (Plate viii. Fig. 17.) 
luch consists of two circular plates, of 
Wch the largest b is about fifteen inches 
i diameter, and the other a fourteen inches, 
called an electrophorus. ITie under plate 
ia made of gbss, or aeaiing-waxi or of 
vy other non-conducting substance : I have 
ide one with a mixture of pilch and chalk 
vSed together. The upper p\ale ii.\s^o«i«* 
ics made of brass, and sometimes '^^ * 
f, but this is of wood, covetcA. N' 
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neatty with tio foil : x is a gUu hindl 
C(i to a socket, by which the upper 
removed from the under one, 

Charles. What do you mean by aa 4 
trophorus ? 

Tutors It is, in fact, a sort of b 
electrical machine, and is thus used* 
the lower plate b with a hue piece OM^ 
flanocl, or with rabbit's, or hare's^ or i 
•kin, and when it is well excited, place H 
it the upper plate A, and put your finger 4 
the upper plate : then remove this plate bf I 
the glass handle x^ and if you apply your I 
knuckle, or the knob of a coated jari you .' 
will obtain a spark. This operation maf 
be repeated many times witliout esciting ' 
again the under plate. 

yames. Can you charge a Leyden ja: 
in this way i 

Tutor. Yes, it has been done, and by i 
single excitation, so as to pierce a hoU 
through a card. 

Here is anoiHcr V\Tvi <A AtjentrocMi \_ 
(Rate VIII. Fig. 1.*^ 'wVXOtv \^ \i^ "»^^ 
moit sensihVe that. Vaafe«.^ ^ex\r"— S 
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Bit 19, it is capable of discovering the 
■nUlest quantities of electricity. A is ai 
Hm jar, B the cover of metal, to which art' 
Bached two pieces of gold leaf *■, or two" 
■dl-balls suspended on threads : on the 
BdeB of the glass jar sire two narrow stripv 
^nfoih 

Hparftv> How is this instrument used i 
^HjBbK Any thing that is electrified is 
Vvrmight to the cover, which will cause 
Be pieces of gold leaf, or pith-balls to di- 
MTge ; and the sensibility of this instrument 
H GO great that the brush of a feather, the 
Btrowing of chalk, hair-powder, or dust, 
Igaitist the cap b, evinces strong signs oj 
Hectricily. 

E Ex. 5. Pliice, on the cap b, a little pew< 
^, or any other metallic cup, having t 
Vater in it : then take from the fire a live 
under, and put it in the cup, and the elec- 
Bicity of vapour is very admirably cxliibi- 

f A thunder-cloud passing over this iostru- 
baent will cause the gold leaf to strike the 
fides at every flash of lightning. 
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Ez^e. I win exdtt tUr sli^^ ^ 
ing-wax aodvbmig it to die ctorer b :' ^ 
see how often it OBuiaes die .gM hd 
strike agtkist tlie aides fd^j^jtm^,, 

yame9. Are the slips criTtmloab 
ed to cany away the decinc flnid ca™ 
nicated by the objects pre^entediotlie oQ^i 

Tutor. They ar6 ; and by |Ueni i 
Hbriom is Restored* ' 
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CONVERSATION XXXIX. 



Of Atmospherical Ekctrieity. 



CHARLES. You said yesterday, that 
the electrometer was affected by thunder 
and lightning : are lightning and electricity 
similar? 

Tutor. They are, undoubtedly, the same 
fluid; and they are the same, was discover- 
ed by Dr. Franklin more than half a centu- 
ry ago. 

y antes. How did he ascertain this fact ? 

Tutor. He was led* to the theory from 
observing the power which uninsulated 
points have in drawing off the electricity from 
bodies. And having formed lus sy^^^^^ ^^ 

Vol. nu C c 
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7\itor. Tou know how easy it is to chl 
a Leyden jar ; but if, when the machi 
at work, a person hold a point of slcelj 
other metal, near the conductor, the g 
ter part of the fluid will run away by il 
point instead of proceeding to the jar. 3 
it was concluded that pointed rods ti 
silently draw away the lightning from cl 
passing over any building. 

James. Is there not a particular n 
of fixing them f 

3\ilor. Yes : the metallic rod must n 
fe>m the ground, or the nearest piece ol 
water, to a foot or two above the building 
it is intended to protect, and the 
should come to a Bne point. Some elec 
cians recommend that the point shouId^J 
of guld, to prevent its rusting. 

Charies. What effects would be pro 
ced, if lightning should strike a build 
Withot a conductor ? 

Tutor. That may be best explainec 

I iijfor ming you of what happened, i 

Ko, to ai.Bivit'ft'AwHOcv. 'ClveUi 
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niug first struck the weathercock, fi 
dieDce descending in its progress, 
out a number of large stones of differeO|' 
lidghts, some of which fell upon the roof 
f the church, and did great damage to it. 
Hie mischief done to the steeple was so 
considerable, that eighty- five feet of it was , 
Dbliged to be taken down, 

James. The weathercock was probabW 
nade of iron, why did not that act as m 
Bonductor ? 

Tutor. Though that was made of iroBi 
iyet it was completely insulated by being fix* 
ed in stone, that had become dry by inutft 
;hot and dry weather. When therefore Ae 
'lightning had taken possession of the wea- 
'dier-cock, by endeavouring to force its way 
to another conductor, it beat down what- 
ever stood in its way. 

Charles. The power of Hglitning must bj; 
I very great. 

Tutor. It is irresistible in its effects ; the 
.■foUowing experiment will illustrate what I 
have b«en saying. ^ 



ise: 1 



Ez> }>.4.,is a board (Pate viil.Fig.l 
repreMUtjng the gable end of a house : 
fixed (OD WlptlieT board a: adcdis3i squUI 
holCf .tft iri^c^ 3 piece of wood is fitted ; oj 
repKMB^ a, wire Hxed diagonally on d| 
vooiakcd; :c i lenninaied by a koob^ 
r^rcMOts' a weathercock, and the wire c] 
is fixed to the board a. I 

It u evident that !□ the state in whicbl 
ia dfim Id the figure, there U an intemtf 
tion il the conducting rod ; accordingly^ 1 
the cbua m is connected with the outside! 
a Jjejdea phial, and then that phial is di^ 
charged through x, by bringing one pint 
the discharges rod to the knob of theLe] 
den phial, and the other to within an ioe 
or two of X, the piece of frood ah cditi 
be thrown out with violcoce. 

James. Are we to understand by tlus K 
periment,.that if the wire x b had been c« 
tinued to the chain, that the electric &i: 
would have run through it without distur 
ing the loose board ? 

Tutor. Ex. 2. Sa«. w, W vE dw ^ie 
of wood be taken out, a»\ rJat v*"- *'^' 
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die placed, then </ will come to <-,and th( 
nduct'mg rod will be complete, and coi^ 
med from .v through b c to z, and n 
e phial may discharged as often as yon 
sasc, but the wood will remain in its place, 
cause the electric fluid runs through th« 
1% to X, and makes its way by the chaitt* 
the outside of the phial. 
Charles. Then if x be supposed thet 
:athercock of the church, the lightning 
iving overcharged this, by its endeavours 
reach another conductor, as c z, forced 
ray the stone or stones represented by a 
erf? 

Tjilor, That is what I meant to convey , 
your minds by the first experiment ; and 
e second shows very clearly that if an iron 
d had gone from the weathercock to the 
'oundi without interruption, it would have 
inducted away the electricity silently, and 
^thout doing any injury to the church. 
•fames. How was it that all the stone 
'cre not beaten down i 
Tutor. Because, in its ^■K&VfS- ftswt^ 



wards, it met with many other conductors. 
I will read part of what Dr. Watson s^>n 
on this fact, who examiaed it very attdH 
tively : — J 

*■ The lightning," says he, " first took J 
Wadiercock) which was fixed at the topW 
the steeple, and was conducted without!^ 
juring the metal or any thing else, as \avrm 
where the large iron bar or spindle wbidf 
supported it terminated; there tlie metalKf' 
communication ceasing, part of the lightnilf; 
exploded, cracked and shactered the obeliik 
which terminated the spire of the Btcepk,is 
its whole diameter, and threw off| at that 
place, several large pieces of Portland Btooe- 
Here it likewise removed a stone from in 
place, but not far enough to be thron 
down. From dience the lightning seemed 
to have rushed upon two horizontal iron 
bars, which were placed within the building 
cross each other. At the end of one of these 
iron bars, it exploded again, and threw cf 
a consideiabe c^tiKatic; of 6toae. Almost bU 
the damage Kaa^uasfc'vi'i^Ktft'iMivojW^'^ 
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iron bars had been inserted into the stone« 
or plac^ under it; and, in. some places, 
its passage might be traced from one iron 
hr to another." 

I 

■ r The thunder holds lus black tremendous throne : 
nom cloud to cloud the rending lightnings rage ; 

- Till, in the fiirious elemental war 
■ IXssolv'd the whole precipitated mass 
' Vnbrokerfleods and solid torrents pours. 
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CONVERSATION XL. 



On AtnMpherlc £1ectmit7-*0f Falling Stan-*0 
Aurora Borealis— Of Water-spouts^ and IVbirhi 
—Of Earthquakes. 



CHARLES. Does the air always con 
electricity ? 

Tutor. Yes ; and it is owing to the e 
tricity of the atmosphere that we obser 
number of curious and interesting phi 
mena, such as falling stars ; the aurora 
eralis, or northern lights ; the ignis fat 
or Will-with-the-wisp. 

James* I have frequently seen v 
people call falling stars, but I never k 
that they were occasiow^d xatxi^:^ \s^ f 
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FALLDTG STARS. 

Tutor- Thoc are aeea chiefly in de* 

id calm weather : it is then that the elo 

ic fluid is probably not very strong, and 

ssing through the air it becomes visiUSi 

particular parts of its passage, accordin 

the conducting substances it may meet 

itb. Uae of the most striking phenomena 

this kind is recorded by Signior Beccar 

a.'^A.s he was sitting with'a friend in the 

hour after sun-set, ihcy saw a> 

Qing, or, as it is sometimes called, 

ooting etar, directing its course toward* 

ero, growing, apparently, larger and Ul* 

till it disappeared not far from theni^' 

id» disappearing, it left their faces, handi^i 

clothes, with the earth and neighbour 

ohjccts, suddenly illuminated with 

iffused and lambent light* attended witl^ 

I noise at all. 

Charles, But how did he know that thit- 
as only the effect of electricity ? 

Tutor. Because he had previously raised 
is kite, and found the air very much 
wkh the electric mui«t -. «Qm«,^i'vnMh> 
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he saw it advancing to his kite Uke a fid 
ing star; and sometimes he saw a lund* 
glory round it^ which followed it as., 
changed its place. 

James. Since lofty objects are expos 
to the effects of lightning, or the elecc 
fluid, do not the tall masts of ships, r 
considerable risk of being struck by it! 

Tutor* Certainly : we have many insti 
ces recorded of the mischief done to shi 
One of which is related in the Plulo 
phical Transactions ; it happened on boi 
the Montague, on the 4th of Novemt 
1748, in latitude 42o 48' and 9° 3' « 
longitude, about noon. One of the qu 
te- masters desired the master of the \ 
sel to look to the windward, when he 
srrved a large ball of blue fire, roll 
apparently on the surface of the water 
the distance of three miles from them, 
rose almost perpendicular when it ^ 
within forty or fifty yards from the ms 
chains of the ship, it then went off with 
explosion, as if a, VivMMkc^^ ^wmssjl^xjl 
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lecn fired at one time, and left so strong a 
Hnell of sulphur, that the ship seemed to 
loiitain nothing else. After the noise hud 
Tided, the main top-mast was found shat- 
ti to pieces, and the mast itself was rent 
rite down to the keel. Five men were 
:ked down, and one of them greatly 
It by the explosion. 

Charles. Did it not seem to be a very 
fin^ ball to have produced such effects f 

^ . 7li(0/% Yes : the person who noticed it 
^'iud it was as big as a mill-stone. 

The aurora borealis is another electri- 
od phenomenon : this is admitted without 
any hesitation, because electricians can 
readily imitate the appearance with their 
experiments. 

James. It must be, I should think, on a 
very small scale. 

Tutor. True : there is a glass tube 
about thirty inches long, and the diameter 
of it is about two inches ; it is nearly ex- 
hausted of air, and capped on both ends 
with brass. I now connect t\ie?it txA^^Vsvq 
VoT. iiT. D d 
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meuu of a ctwoi with the positive 
negative part of a. machioe, and in a dark* 
ened roonir you will sec, when the machint^ 
is worked, ..all the appearances of the nor-j 
them lights in the tube. I 

Charlta. Why is it necessary nearly 18, 
exhoiut the tube? 

^noor. Because the air, in its natuni 
state, is a very bad conductor of the elec- 
tric fluid; but when it is, perhaps, rendered 
some I hundred times rarer than it uauallj 
W. the electric fluid darts from one cap K 
the other, with the greatest ease* 

Jamex. But we see the wrora bomli 
in the common air* 

Tutor, We do so : it is, however, ii 
the higher regions of the atmospben 
where the air is much rarer than it is aa 
the surface of the earth. 'iHie experimet 
which you have just seen accounts for di 
darting and undulating motion wluch tab 
place between the opposite parts of tfa 
hca\ens. The aurora borealis is the moi 
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high northern latitudes, as in Greenland 
and Iceland* 

Charles* I remember the lines on this 
subject : 

By dancing meteors then, that ceaseless sh:ikc 
A waving blaze refracted o'er the heavens, 
And vivid moons, and stars that keener play 
- With double lustre from the glossy waste, 
Ev'n in the depth of polar night, they find 
A wond*rous day ; enough to light tlie chase. 
Or guide their daring steps te Finland fairs. 

Tutor* The aurora borealis that was 
leen in this country on the 23d of October, 
in the year 1804, is deserving of notice. At 
seven in the evening a luminous arch was 
seen from the centre of London, extend- 
ing from one point of the horizon, about 
8. 8. W. to another point N. N. W. and 
passing the middle of the constellation of 
the Great Bear, which it, in a great mea- 
sure, obscured. It appearea Xr *'' v"^^ 



Silent from the north, 

A blaze of meteors shoots ; ensweeping fiist 
Tlie lower skies, they all at once converge 
m^h to tl)e crown oiY\eaveT\, axv^ ^;x\cvw:^ 
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shining vapour, and to roll from the somh 
to the north. In about half an hour, its 
course was changed ; it then became ver- 
tical, and about nine o'clock it extended ' 
across the heavens from N. E. to 8. W.; 
at intervals, the continuity of the luminous 
arch was broken, and there then darted 
from its south-west quarter, towards the 
zenith, strong flashes and streaks of briglit 
red, similar to what appears in the atmo- 
sphere during a great fire in any part of 
the metropolis. For several hours the at- 
mosphere was as light in the south-west 
as if the sim had set but half an hour; 
and the light in the north resembled the 
stiong twilight which marks that part of 
the horizon at Midsummer. Thomson, 
speaking of the aiu*ora borealis, and other 
meteors, savs — 
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Relapsing^ quick, as quickly re-i^cend, 
Afxl mix and thwart, extinguish and renew. 
All sether coursing in a maze of light 



James* How do you account, sir, for 
lie Will-with-the-wisp, or Jack-a-lanthom, 
hat is close to the ground where the air is 
kickest? 

Tutor* This is a meteor which seldom 
|^>eaFS more than six feet above the 
roand ; it is always about bogs and 
rampy places, and these, in hot weather, 
nit what is called inflammable air, which 

easily inflamed by the electric spark. 
hese^ therefore, as you shall see in our 
lemical experiments, we can as readily 
litate as the aurora borealis.— ^-In some 
Tts of Italy, meteors of this kind are 
iquenriy very large, and give a light equal 
that of a torch. 

Water-spoutSj which are sometimes see ^ 
sea, are supposed to arise froTO^ ^Jcvfc 
ver of electricity* 

r) d 2 
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Charles* I have heard of these, but 
thought that water-spouts at sea^ and wb 
winds and hurricanes by land, were pnx 
ced solely by the force of the wind. 

Tutor* The wind is, undoubtedly, < 
of the causes, but it will not account 
every appearance connected with th< 
Water-spouts are often seen in calm vi 
thcr, when the sea seems to boil, and 84 
up a smoke under them, rising in a son 

hill towards the spout. A rumbling m 
is often heard at the time of their appc 
ance, which happens generally in th 
months that are peculiarly subject to th 
der-storms, and th*. v are commonh 
companied or followed by lightning. W 
these approach a ship, the sailors pr«rj 
and bnindibh their swords to disperse th 
whxh seems to favour the conclusion, 1 
they are electrical. 

James. Do the swords act 'as cone 
tors ? 

Tutors I'hey may, certainly ; and i 
known that by theee poirvted instrum( 

thty have been eSectu^Wy ^\s^^t^^^» 
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The analogy between the pbenometia ai 
fater-spouts, and electricity, may be made 
Irisible by hanging a drop of water to a 
wire, communicating with the prime con* 
ductor, and placing a vessel of water under 
In these circumstances, the drop as- 
Uines all the various appearances of a wa- 
r-spout, ID its rise, form, and mode of 
ippearing. 

Water-spouts, at sea* are undoubtedly 
very like whirlwinds and hurricanes by 
bmd. These sometimes tear up trees, 
throw down buildings, make caverns ; and, 
all the cases, they scatter the earth, 
bricks, stones, timber, SiC. to a great dis- 
asce in evtry direction. Dr. Franklin, 
neniions a remarkable appearance wh'icb 
occurred to Mr. AVilke, a consdicrable 
electrician. On the aOth of July, 1738, 
at three o'clock in the afternoon, he ob- 
ierved a great quantity of dust rising from 
the ground, and covering a field, and part 
of the town in which he then was. There 
' wiadt and the dusttHOTC^ 
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towards die east» wliere tbett mppoat^ 
great bbck cloudy whitk dtetrifiedlwi 
pantos poeidvcljr to a 'vetyl^ dBjpi 
Thu cloud wem towardi die wiia^ 
followed it) and contkmcd to -liae; /Inpa 
and higher, till it compowd afdHck ffflil 
in die form of a sugar Iqa^ and at hn^ 
it seemed to be iti eoiitact with tKe dood* 
At some cUstance' from dus, dM9« cMW. 
anodier great doud, with a Ibog^ strdutf of 
smaller ones which electrified his i^psrsp 
tus negatively, and when they came' neir 
the positive cloud, a flash of lightning wis 
seen to dart through the cloud of dust» tqn 
on which the negative clouds spread verjr ^ 
much, and dissolved in rain, which presendy 
cleared the atmosphere. 

Charles* Is rain then an ekctriod phe- 
nomenon ? 

Tutor. The most enlightened and best 
informed electricians reckon nun, hul, and 
now, among the effects produced by the 
lectric fluid. 
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pontes. Do the negative and positive 

mds act in the same mantitr as the uut^ 

le aad inside coatings of a charged Ley- 

Bjar? 

TutoT' Thunder-clouds frequendy do 

ithing more than coodiict or convey the 

c matter from one place to another. 
Charles- Then they may be compared lo 
e discharging-rod. 
Tutor. And perhaps, like that, they 
e istended to restore the equilibrium be- 
'een two places, one of which has too 
jiuch, and the other too little of the elec- 
e fluid. The following is not an uncom. 
)B appearance : a dark cloud is observed 
■ attract others to ic, and when grown to 
considerable size, its tower surface swells 
J particular parts towards the earth. Dur- 
g the time that the cloud is thus forming, 
lahes of lightning dart from one part of 
; to the other, and often ilhiminati;; the 
rhole mass; and small clouds are observ- 
1 moving rapidly beneath it. When the 
load has acquired a sufficlciat. cxXettV, "iwi 1 
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lightning strikes the earth m two oppo 
places. 

yames. I wonder the discharge * 
uot shake the earth, as the charge of a 
does any thing through which it passes. 

Tutor. Everydiachargeof clouds throi 
the eartli may do this, though it is ira 
cepuble to us. 

Earthquakes are probably occasioned- 
vast discharges of the electric fluid: 
happen most frequently in dry and I 
countries, which are subject to lightotl 
and other electric phenomena ; they 1 
even foretold by the electric coruscadsl 
and other appearances in the air for ai 
days preceding the event. Besides, 1 
shock of an earthquake is instantaneous- 
the greatest distances. Earthquakes i 
usually accompanied with rain, and son 
times by the most dreadful thundt 
storms : 

How greaV\y \eTrr\>j\E\iQ'>M ia^'a- 
• purpoaea of Heaven'- Nj. ot 
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White age and youth, tlie guilty and the just, 
Ob, seonxngly severe ! promiscuous falL 
Season, whose daring eye in vain explores 
i. Tbe narful Providence, confused, subdued 

w 

■-"'To sikiice and amazement, with due praise 

Aekoowledges th' Almighty, and adores 
. fiOs wiU unerring, wisest, justest, best. 

MALLEI. 
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CONTERSATIOX XLI. 



Medical Electricity. 



TUTOR. If you stand on the 
with glass legs, and hold the chain 
the conductor while I work the mj 
a few minutes, your pulse will be incn 
that is, it will beat more frequently t 
did before. From this circumstance? 
sicians have applied electricity to th< 
of many disorders : in some of which 
endeavours have been unavailing, in < 
the success has been very complete. 

Charles. Did thev do nothing more 
this ? 
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STutpr. Ves, in some cases they took 
irk& from their patients, in others they 
>e them shocks. 

^ames. This would be no pleasant me* 
Id of cure, i( the shocks were strong. 
Tutor. You know, by means of Lane's 
btroDi«ter, described in our thirty fourth 
Bversation, (Plate VII. Fig. 10.) the shock 
f be given as slightly as you please. 
'UtarltS' But how are shocks conveyed 
btlgh any part of the body ? 
Tutvr. There are machines and appa- 
i made purposely for medical purposes, 
every end may be answered by the 
tmmcnt just referred to. Suppose thr 
etrometer to be fixed to a Ix;yden phi- 
and the knob at a to touch the conduc- 
', and the knob b to be 90 far otF OA 
mean the shocks to be weak or strong, 
aan or wire of sufficient length is to be 
;d to the ring C of the electrometer, and 
nher wire or chain to the outside coat- 
ihc other ends of these two wires are 
fastened to the two knobs of the £3* 
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James. What next is to be don( 
wish to electrify my knee, for inatana 

Tutor. All you have to do is Bi 
the balls of the discharging-rod da 
your knee, one on the one aide^ ai 
other on the opposite side. 

Charles. And at every discharge < 
Lcyden jar, the superabundant elec 
from withinside will pass from th« 
at A to the knob b, and will pass d 
the wire and the knee, in its way 
outside of the jar, to restore to hot] 
an equilibrium. 

James. But if it happen that a | 
the body, as an arm, is to be elec 
how is it to be done, because in th] 
1 cannot use both aiy hands in cd 
ing the wires ? 

^uior. Then you may seek the 
tance of a friend, who will, by me( 
two instruments, called directors, b 
to conduct the fluid to any part of th< 
whatever. 

Charks. What are directors ? 

Tutor* A director 
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wire, which, by means of a brass 

cemented to a glass handle. So ihe 

holding these directors by the ex- 

lilies of the glass handle, brings the ballsi 

■vhich the wires or chains are attached, 

contact with the extremities of that 

of the body of the patient through 

kh the shock is to be sent. If 1 feel 

lunatic pains between my elbow and 

and a person hold one director at the 

>w and another about the wrist, the 

:ks will pass through, and probably will 

found useful in removing the complaint. 

^ames. Is it necessary to stand on the 

footed stool to have this operation 

■formed i 

Tutor. By no means : when shocks are 
ninistered, the person who receives them 
iy stand as he pleases, either on the stool, 
toa the ground; the electric fluid taking 
fc nearest passage, will always find the 
lier knob of the other director, which leads 
I the outside of the jar. 

Es it necessary to make the body 
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Tutor. Not in the case of shocka, ii 
the coverings be very thick: but when s| 
arc to be taken, then the person from » 
they are drawn must be insulated, an 
clothes should be stripped off the pa 
iected. 

James. For what disorders are the a 
and sparks chieQy used i 

Tutor. Shocks have been found u& 
paralytic disorders ; in contractions i 
nerves i in sprains, and in m^y other i 
but great attention is necessary in regu 
the force of the shock, because, insti 
advantage, mischief may occur if it 
violent. 

Charlet. Is there less danger with s] 

Tutor, Tes; lor unless it be in very I 
parts, as the eye, there is do great t 
taking sparks : aod they have provec 
effectual in removing many complaia 

11m celebrated Afr. Ferguson was a 
at Bristol, with a violeat sore throat, 
t-o prevent biro from swallowing any i 
he caused sparks to be taken from thi 
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pbiltdf and in the course of an hour he 

li^ld eat and drink without pain. 

^This is an excellent method in cases of 
pifiiess, ear-ache, tooth-ache, swellings 
iKde the mouthy &c. 
. James. Would not strong sparks injure 
jheeari 

" *rutor. They might ; and therefore the 
loctric fluid is usually drawn with a point- 
tl piece of wood, to which it comes in a 
dneamy or when sparks are taken, a very 
tnill brass ball is used, because, in pro- 
ordoh to the size of the ball, is the size of 
he spark 
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CON¥£BSATlON 



Of Aidnul Electricity : ef Ike Torpedo ; of the Gftnw- 

tut l^ectncu*^ and of the Siluiui EJcctnem. %c 



TUTOR. There are three Idnda of fiih 
which have been discovered that are posset- 
sed of the singular property of giving shocto 
very similar to those experienced by mi 
of t'.e Leyden jar. 

Charles. I ehould like much to see them: ' 
are they easily obtained? 

Tutor. No, they are not ; they are call- I 
ed the torpedo, the gymnotus electricus, and j 
the silurus ekctricus. 

James. Are they all of the same species! | 

Tutor. No : the torpedo U a. fl.a.t fiaK, I 
seldom twenty mdi6aVia^j,»EAS&w»a«TOm.^ 



THE TORPEDO. 

i nrious parts of the Bea coast of Europe< 
: electric organs of this fish are placed 
B each side of the gills, where they fill 
) ^ whole thickness of the animal) froia 
e lower to the upper surface, and are coi 

red by the common skin of the body. 

Charles. Can you lay hold of the fish by 
ijF other part of the body with impunity 

Tutor. Not altogether so : for if it be 
Hiched with one hand, it generally commu- 
cates a very slight shoclc ; but if it be 
uched with both hands at the same time, 
being applied to the under, and the 
iher to the upper surface of the body, a 
hock will be received similar to that which' 
I occasioned by the Leyden J. 

James. Will not the shock be felt if both. 
lUda be put on one of the electrical organs 
t the same 

Tutor, No : and this shows that the up- 

t and lower surfaces of the electric organs 

1 opposite states of electricity, answer* 

to the positive and negative sides of a 

i^ydeu phial< 
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Charles. Are the same substancM tm 

ductors of the electric power of the torped 

by which artificial electricity is cooduciea 

Tutor. Yes, they are t and if the fish, I 

atead of being touched by the hands, be totid 

ed by conducting substances as metals, n 

shock will be communicated through thd 

The circuit may also be formed by sevd 

persons joining hands, and the shock wiUI 

felt by them alt at the same time. But i 

shock will not pass where there is the snul 

est interruption; it will not even be condtli 

ed through a chain. J 

James. Can you get sparks from it ? 1 

Tutor, No spark was ever obtained fiJ 

the torpedo, nor coulS electric repulsionofl 

attraction be produced by it. 1 

Charles. Is it knoivn bow the powerJ 

accumulated ? 1 

Tutor, it seems to depend on the in 

of the animal, for each effnit is accompaij 

ed with a depression of its eyes, and it |iM 

bably makes use of it as a means of self.^ 
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ntS' Is this the case cilso with the other 
ical fishes i 

■ter- The gymnotm pOGsesses all the 
ic properties of the torpedoi but in a 
superior degree. This fish has been 
1 the electrical eel, on account of it» 
tblance to the common eel. It is found 
: large rivers of South Ameiica. 
arlea. Are these fishes able to injure 
8 by this power ? 

Mr- If small fishes are put into the 
r in which the gymnoius is kept, it will 
stun, or perhaps kill them, and if the 
dI be hungry) it will then devour them, 
ashes stunned by the gymnotus may be 
'cred, by being speedily removed into 
ler vessel of water. 

le gymnotus is said to be possessed of 
V kind of sense, by which it knows 
her bodies, which are brought near 
arc conductors or not. 
\arles. Then it possesses the same 
'ledge by instinct which philosophers 
.gained by experiment. 
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Tutor. True, The following exp( 
among others, is very decisive on this pi 

Hx- The extremities of two wires wenll 
dipped into the wiiter of the vessel id whiAf 
(he animal was kept ; they were then b< 
extended a great way, and terminated & 1 
CWii separate glasses full of water. Thoe I 
wires, being supporcd by non-conductont I 
at a considerable distance from each other, | 
the circuit was incomplete : but if a pen< 
put the lingers of both hands into the glaj 
in which the wires terminated, then theq 
cuit was complete. While the circuit « 
incomplete, the fish never went near the 
extremities of the wirts, as if desirous of 
giving the shock ; but the moment the ctr- J 
cuit was comp!eied,eitherby apersan, orai^ 
other conductor, the gymnotus immediate- 
ly went towards the wires, and gave ibe > 
shock, though the completion of the circuit 
was out of his sight. 

James. How do they catch these kind 
of fiah ; the men would, probably, let them 
go on receiving the shock ? 

Tutor. In this way the property i 
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^■vtups, first discovered. The gymnotuSf- 
^ft well as the others, may be touched, with- 
^Bt any risk of the shock, with wax or with 
^■ass ; but if it be touched with the naked, 
Hlger, or with a metal, or a gold ring, th< 
^■ocJc is felt up the arm. 
H Charles- Does the sibtrus electrkus pro- 
Bpce the same effects as the others ? 
m Tlttor. This fish is found in some rivers> 
b.Africa, and it is known to possess the 
Woperty of giving the shock, but no other 
Ml III "111 have been detailed respecting it> 
K Widi regard to the torpedo, its power of 
■ning the benumbing sensation was known 
j||t the ancients, and from this it probably 
tbok its name— In Fermin's Natural His- 
nry of Surinam is some account of the 
\ivmtimg--eel, which Dr. Priestley conjee- 
IfXea to be different from the gymnotus : it 
Erea in marshy places, from whence it can- 
lOt be taken, except when it is intoxicated. 
catuot be touched with the hand, or 
itfi a stick, without feeling a terrible shocfci 
trod upon with shoes, the legs and thighs 
affected in a similar manner. 
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; but if it contain less than its natural 
U-e, it is said to be negatively electniied. 
Tutor. Does it not sometimes happen, 
it the same substance is both positively 
ll negatively electrified at the same time I 
James. Yes : the Leyden jar is a stri- 
Ig instance of this, in which, if the inside 
BtaiD more than its natural share, the out- 
|e will contain less than its natural quan- 

\itor. What is the distinction between 
luctors and non-conductors of electri- 

I" 

Charles, The electric fluid passes freely 
rough the former, hut the latter oppose 

passage. 

Tutor' You know that electricity is ex* 

Kd in the greatest quantities, by the fric- 

of conducting and non-conducting sub- 

ices against each other. 
Ex. Hub two pieces of sealing>wazt or 
o pieces of glass together, and only a very 
lall portion of electricity can be obtained; 
;refore the rubber of a machine should be 
icUng substance, and not insulatedi 
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Every electrical machine^ with 
ted rubber, will act in three differ 
the rubber will produce negative c 
the conductor will give out positi' 
city : and it will communicate bo 
at once to a person or substance j 
tween two directors connected wit] 

yatnes. How does the rubbei 
negative electricity ? 

Tutor. If you stand on a stool ' 
legs, or upon any other non-condu< 
stance, and lay hold of the rubber, 
that communicates with it, the wc 
machine will take away from you 
ty of your natural electricity, ther- 
Will be negatively electrified. 

Charles, Will this appear by 
ture of trie electric fluid, if I ho 
hand a steel point, as a needle ? 

Tutor. If you, standing on a 

ducting substance, are connected 

the rubber, and your brother, in 

situation, connected with the condu( 

points in your hands, atvdl^^wV^ 
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OB the ground, first present a brass baU, or 

ither substance, to the needle in your haiu^i 

then to that in his hand, the appearand 

of the fluid will be different in both casesf 

to the needle in your hand it will appeal 

tke a star, but to that in jour brother's 

■fill be rather in the form of a brush.—*, 

What will happen if you bring two bodies 

^a^ to one another that are both electrifiedj 

James. If they arc both positively or 

rth negatively electrified, they will repel 

Mch other, but if one is negative and the 

pther positive, they will attract one anothw 

0) they touch, and the equilibrium is again 

jjBBtored. 

Tutor. If a body containing only its na- 
tural share of electricity, be brought i 
id another that ia electrified, what will be 
4he consequence ? 
C Charles. A quantity of electricity will 
cfcrce itself through the air in the furm ot a 
bparlc. 

K Tutor. When two bodies approach cacti 
kodier, one electrified po6\U\'cV^ awd <!«; 
Wt/icr ue^tively, the supcrsfea'^isM. ^cQ: 
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Tutor. And if a conducting communio 1 

. be made between both aides of tht f 

what takes place then i 
Ckarlts. A discharge ; and this hnppeat 1 
Kthcr the glass be flat, or in any othefl 

Tutor. What do you call a cyliiidricv 
tss vessel thus coated for electrical pui^ 
aes ? 

yames. A Leyden jar i and when the 
•idesi and also the outaidcs, of Bevcral o* 
::Ge jars are connected, it is called an cleQ- 
ical battery. 
Tutor. Electricity, in tliis form, is c*- 

kble of producing the moat powerful e& 
icts, such as melting metals, firing tpintlf' 
id other inflammable subHtancea.^Whlfi 

(Feet has metallic points on electricity ? 
Charles, They discharge it silently, and 

ence their great utility in defending build* 
gs from the dire effects of lightning—^ 
ray, what is thunder ! 
Tutor. As lightning appears to be th* 
ipid motion of vast masses of electric mat 
r, so thunder is the noise produced by th 
»f2 
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modon of lightning : and when electncit| 
passes through the higher parts o! the U-T 
mosphere, where the air is very much n» I 
fied, it constitutes the aurora boreahs. 

Ex. If two sharp pointed wires be b 
(Plate VIII. Fig. 30.) with the four cndl^ 
right angles, but pointing diJFerent wayij 
and they be made to turn upon a wire fixed I 
on the conductor, the moment it is electri- 
fied, a flame will be seen at the points a b \ 
c di the wire will begin to turn round in 1 
the direction opposite to that to which the ' 
points are turned, and the motion wilt be- 
come very rapid. 

If the figures of horses, cut in paper, be 
fastened upon these wires, the horses will 
seem to pursue one another, and thts \% 
called the electrical horse-race. Of course, 
upon this principle, many other amusing 
and very beautiful experiments may be 
made : and upon this principle several elec- 
trical orreries have been cuntrived, show* 
ing the, motions of the earth and mooD, and 
fcg^ earth and planets round the sun- 
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. ^€mies» How do you account for this i 
i Tutor* Fix a sharp pointed wire into 
llbe ted of the large conductor, and hold 
your hand near it:-*-no sparks will ensue; 
jbllt a cold blast will come from the point 
which will turn any light mills, wheels, &^ 
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CONVERSATION XHV. 



t)f Galvanism ; its Origin : Experiments.— ^Of the 
Decomposition of Water. 



TUTOR. It has been observed as long 
as I can remember, and probably before I 
was bom, that porter, when taken from a 
pewter pot, had a superior flavour than 
when drunk out of a glass or of china* 

Charles. Yes; I have often heard my 
uncle say so ; but wliat is the reason of it I 

Tutor. Admitting the fact, which is, I 
believe, generally allowed by those who 
are much accustomed to that beverage ; it 
is now explained upon the principles of 
Galvanism. 
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James. Is Galvanism another branckd 
science -' is there a Galvanic fluid as *a| 
as an eleciric fluid ! 

Tutor. Of the existence of the electn 
fluid you now have qo doubt; the S' 
of electricitj' took its name from efrelrsi^ 
the Greek word for amber, because amba 
was one of the first substances observed tnl 
produce, by rubbing, the effects of attrac*!, 
tion and repulsion. Galvanism deiives 
name from Dr. Galvani, who first reported 1 
to the phitosDphical world the experimenli \ 
on which the science is founded. 

Charles. Pray how was he led to make the I 
experiments ? 

Tutor. Galvani, a professor of anatomy I 
at Bologna, was one evening making soro« | 
clecti'ical experimentst and on the table I 
where the machine stood, were some frogs 
skinned : by an accident one of the com- 
pany touched the main nerve of a frog, at 
the same moment that he ti>ok a considera- 
ble spark from the conductor of the electri- 
cal machincand the muscles of the frogwere . 
thrown into stvon^ cowJu\^\wia. 
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hich were observed by tialvaoi's wife, led 
le professor to a number of expertmentgf, 
,it 33 they cannot be repeated without 
ncli crueUv lo living animals, I shall not 
Her into a detail ot* them. 
'yatnes. Were not the frogs dead which 
rst led to the discovery t 

Tutor. Yes, they were : but the professor 

lerwards made many experiments upon, 

'ing ones, whence he found that the con- 
ibiuns, or as they are usually called, the 
Kwraciions produced on the frog, may be 
Ecited without the aid of any apparent elec- 
icity, merely by making a communication 
stween the nerves and the muscles with, 
ibstancea that are conduclora of electrici^". 

Charlen. Which are the best conducting 
ibstances ? 

TuioT> All the metals: but zinc aodsilveri 
r zinc and coppei', produce the greatest 
luscular contractions. 

Charles, Are these experiments peculiar 
t frogs 

Tutor- No ; they have been successfully 
bade on almost all kinds of animals from 

Vol. III. (• g 
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the ox downwards to the fly. And hence 
it >^as at first concluded that there was in 
electricity peculiar to animals* 

James. You have already shown that the 
electric fluid exists in our bodies* and maf 
be taken from them, independently of thit 
which causes the contractions. 

Tutor ^ I will show you an experiment on 
this subject: — here is a thin piece of zm^ 
which is a sort of metallic substance, but | 
not what is denominated a perfect metal: 
lay it under your tongue, and lay this half- 
erown u{ion the tongue ; do you Uiste any 
thing very peculiar in the metals ? 

jfames. No, nothing at all. 

Tutor. Put them in the same position 
apMin, and now bring the edges of the two 
nutals into contact, while the other parts 
touch the under and upper surfaces of the 
tongue. 

James. Now they excite a very disa- 
gi*eeable taste, something like copperas. 

Tutor, instead of the half-crown, try the 
experiment with a guinea, or with a piece 
of cliarcoal. 



EXPEKIMKXT3. 
'Charles. I perceive the same fcmd of' 
^Ke which Jaioes described. How do yoa 
iplaiD ihe fact f 

i Tutor. Some philosophers maintain thaG 
|e principle of Gitlviinism and electricity is 
\e same : and that the former is tiie evolu-' 
on or emission of the electric fluid fi'otnl 
ntdttctinff bodies, disengaged by a chemi- 
d process ; while the latter is the sainst 
ttng made apparent to the senses by nsn-'l 
inducting' bodies. 
James. Ail metals, as we have seen, are 
onducting substances; of course, the zinc,tlie' 
uinea, and the half-crown, are conductors. 
Tutor. Yes, and so arc the tongue an J the 
iliva; and it is probable, that by the decora^ 
nition of some small particles of the salivtf 
le sharp taste is excited. 
Charles. What do you mean by the dc- 
^Composition of the saliva ? 

Tutor. We shall, in our chemistry, shoi 
^u that water is capable of bt-ing decom* 
^sed, that is, separated into two gasseSj 
called hydrogen and oxygen. 
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yames* Is saliva capable of being 
parated? 

Tutor. Certainly, because a grca 
it may be supposed to be water ; 
oxygen combines with the metal, ¥ 
hydrogen escapes, and excited the 
the tongue. 

Charles. The disagreeable tast( 
tongue cannot be disputed, but the 
apparent change on the zinc or i 
crown, which there ought to be : 
substance, as the oxygen, has ente 
the combination. 

Tutor. The change is, perhaps, t 
to be perceived in this experiment 
others on a larger scale, it will be ver^ 
to the sight, by the oxidation of the 

yames. Here is another strange ' 
do not know what is meant by oxic 

Tutor. The iron bars fixed before 
dow were clean and almost bright w 
ced there last summer. 

James. Biit not being painted, the] 
come quite rusty. 

Tutor. Now, lu c\vem\c2\\accv'^ 
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. is said 10 be oxidated instead of ru3ty ; 
the earthy substance thai may be 
iped from ihem, used to be called the 
'x of iron ; but it is, by modern chemistry, 
aominated the oxide of iron. 
When mercury loses its tine brightness 
being long exposed lo the air, the dtil- 
iS is occasioned by oxidation, that is, the 
lie effect is produced by the air on the 
rcury, as it was on the iron. I will give 
U another instance. Iwill melt some lead 
this ladle, you see a. scum is speedily 
rmed. I take it away, and another will 
and so perpetually till the whole lead 
thus transformed into an appareiuly diffcr- 
suDstance : this is called the oxide of 
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CONVERSATION XLV. 



Galvanic light ami Shooki. 



CHARLES. We had a tmie of the Gal* \ 
vanic fluid yesterday, is there no i 
seeing it ? I 

Tutor. Put this piece of zinc between j 
the upper lip and the gums, as high as you ] 
cant and then lay a half-crown, or guinea, 
upon the tongue, and when so bituatcd 
bring the metals into contact. 

Ckarlis. I thought I saw a faint flash of 
light. 

Tutor. I dare say you did* it was for 
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at purpose I bade you make the expe- 
It maybe done in another way f 

putting a piece of silver up one of the 

strils» and the zinc on the upper part 

the tongue, and then bringing the me- 

i in contact, the same effect will be pro- 

ced. 

yamcs. By continuing the contact of the 
'O metels, the appearance of light does 
at remain. 

Tutor. No, it is visible only at the mo- 
;nt of making the contact. You may, 

you make the experiment with great 
tention, put a small slip of tin foil i 
s ball of one eye, and hold a lea-spoon 

your mouth, and then upon the commu- 
:atton between the spoon and the t 

nt light will be visible. These cjtpcri- 
icnts are best performed in the dark. 

Charles. Is there no means of making 
periments on a larger scale ? 

Tutor. Yes, we have Galvanic, or» ai 
icy ought to be denominated, Vollaic, 
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teries, at wdl'si firrtriaJ 
is one of dienu ^Pfate vm. . ¥i^ 9j^ 
It consiits of a onttlxr of pioeei of iSp9i^; 
zinc, and flannel dodi, of cfoal wmii' 
and tliejr are dm juiangid , n piftt.al 
zinc, a piece of dfen and n piece of.clBll|. 
moistened widi n eolutioii of aalt ib IPilM^ / 
and so on till die jSlt is cmffctcd/ ^ 
prevent the jneces from fidlin^ Aef an^ 
supported on fbt udes by thtve lo^ 9^ 
glass stuck into a piece of wood, and down 
these rods slides another piece of ?rood 
which keeps all the pieces in close contact* 



* Galvani's discoveries were the result of mere 
accident, and even but triflings in coroparisoo of 
those made by Volta, a celebrated Italian* who 
improved the few hints before him into an im- 
portant body of science : hence the term Voltaism 
will shortly, without doubt, supersede that of 
Galvanism. 



VOLtAlU SHGC'K. 

^qmes. How do you make use of this 

ttrument " 

Tutor, Touch the lower piece of metal; 

th one handj and the upper one with the 

:ier. 

yames. I felt an electric shock. 

Tutor. And you may take as many aft^ 

lU please ; for as often as you renew the, 

ntact, so often will you fee! the shock. 

Here is a different apparatus (Plate viii> 
■ig. 2t.) In these three glasses (and I; 
light use twenty instead of three) is a so- 
^tion of salt and water. Into each, ex< 
^pt the two outer ones, is plunged a smalj 
late of zinc, and another of silver. The! 
latea arc made to communicate with eac 
^CF) by means of a thin wire, fastened su 
■at the silver of the lirst glass is conncctedL 
'ilh the zinc of the second ; the silver of, 
je second with the zinc of the third, and 
on : now if you dip one hand into the^ 

■at glass, and the other into the last, the' 
lock 

Charles. Will any kind of glasses answ< 
ir this experimeat|r' 




7V«er. Yes they will i wine-glasses, a 
goblets, cir finger glEissea ; and so will chia 
cups. _ 

A third kind of battery, which is I^ 
most powerful, and the one chat is mtffi 
generally usi^d, is this. Ic consi^jts of 
trough of baked wood, three inches deej 
and about as broad. In the sides of 
trough are grooves opposite to each othe^' 
and about a quarter of an inch asundcTi 
Into each pair of these grooves is put a 
plate of Ak, waS taother of ■i^rer, ud' 
they arc to be cemented in nidll a manner 
as to prevent an^ coinmiinication betweea 
the different cells. The celts are now filled 
with a solution of salt and watcfv The 
battc^ry is complete ; widi your bands 
make a communicatioD between the two 
end cells. 

Charles. I felt a Strong shock. 

Tutor. Wet your haiHls, and join yoar 
left with James's right, then put your right 
hand into one end ceil, and let James put hi* 
eft into the opposite one. 
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f' James. We both felt the shock like an 

kctric shock, but not so severe. 

'fulor- Several persons may receive the 

phock together, by joining hands, if their 

UDds are well moistened with water. The 

Krengih of the shock is much diminished 

4>y passing through so long a circuit. 

•The shock from a battery, consisting of 

L fifty or sixty pairs of zinc and silver, or 

; and copper, may be felt as high as 

Pthe elbows. And if five or six such hatte-i 

fries be united wiih metal cramps, the coovr 

ined force of the shock would be sudli 

I that few would willingly take it a second' 

I time. 

Charles. What are the wires for at eadi 
I end of the trough ,' 

Tatar. With these, a variety of experi- 
ments may be made upon combustible 
bodies. I will show you one with gun- 
powder, but I must have recourse to four 
troughs, united by cramps* or to one muG^ 
larger than this. 

Towards the ends of the wires 



r to one muGp. j 
wires t^|J|M 



jMCt* «f ^M* tubes 
operator to bold by, while he direcuA 
wires* .&ipf>QW now four or more u 
united:* ud the wire to be at the two ei 
inideBi I put wme gun-powder t 
of Hat ^ttUj and 4i^n holding the n 
tlie glBM tubes, I bring the ends of them V 
the gunpoi^rder, aqd just before they tc 
die gunpowder *ill be ini 



1 of gyopowder, gold and silver; 
leaf may be burnt in this way : ether, apiiiti' 
of wint* Bod odter inflsmmable substance^ 
arc eauly fired by the Voltaic batterj' ; it 
will cooaume even tmalt roetallic wires. 

Copper or brass leaf, commonly called 
Dutch gnld, bums with a beautiful greet 
light, silver with a pale blue light, and gotc 
with a yellowish green light. 

James. Will the battery continue to ac 
any great length of time ? 

Tutor. l%e action of all these kind c 
batteries is the strongest, when they are fin 
filled with the fluid ; and it declines in pn 
portion as the metals are oxidated, or th 
fluid loses ha v^'w^^- 
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^Xtain time, the fluid must be changed and 
^c metals cleaned, either with sand, or by 
t^mersing them a short time in diluted 
Kiuriatic acid. The best fluid for filling the 
sells with, is water mixed with one-tenth 
rf mtreous acid. Care must always be ta- 
ken to wipe quite dry the edges of the plates, 
to prevent a communication between the 
cells : and it will be foilnd, that the energy 
of the battery is in proportion to the rapi- 
dity with which the zinc h oxidated. 
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^-•'•<^°nd«J::^^'«-- from e^r^'"" 
^'i^r/^ y * Po'^er. ^^'^ other in 

^--^ c/ass^'fr '^"doctors li '^"^°™«- 
""«'«of t;, '^^. the combioftin ^°^' 
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Tutof' When two of these bodies are 

die first class, and one U of the second, 

combination is said to be of the Jirst 

T. 

Charles. The large battery which joil 

ed yesterday was of the ^rst order tlien, 
e there were two metals, viz. zinc and 

per, and one fli 

Tutor. This is called a simple Voltaie 

reie, the two metals touched each Other 

some points, and at other points they 

ere connected by the fluid which was of i 

e different class. 

James. Will you give us an example of 

B second order ? 

Tutor. When a person drinks porter 
om a pewter mug, the moisture of his un- 

r lip is one conductor of the second class, 

B porter is the other, and the metal is the 
lird body, or conductor of the first class. 

The discoloration of a silver spoon, in the 

t of eating eggs, is a Voltaic operation. A. 
joon merely immersed in the egg under- 
Ks no discoloration, it is the act of eating 

ic/iroduces thechauge. 'tYiw'vi'a.'V,^**^ 



f 
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combinatioii of tbe stoN^ brddiV 
egg, and die Mlfivi^ Mte inibilincfti'M^ 
second dass of condaGtor^ astdihe 
the first class. , . ; 

Charka* Whidi >re tlid most {w 
Voltaic circles ? ■- '■ 

TYfTpr. .l%ayaretI«d8e%lftibeMr««%^ 
where two solids of different dagn 
idabiUty are combbed wlih4 ^idti^^ 
of oxidating atJeaia<>M bf tblMliAk llNil 
gold, fAlrcr, ani waltr, do afeit foirni llW 
tive Yohuc circle^ but it ,^^11 become acdM 
if a little nitric acid, or anyflixid dacddipo* 
sible by silver, be mixied with the Wiler* 
An active Voltaic circle is forined of siiic, 
silver, and water, because the zinc is oxi- 
dated by water. But a little nitnc acid, 
added to the water, renders the combinatioti 
still more active, as the acid acts upon the 
silver and the zinc. 

The most powerful Voltaic combinations 
of the second order are, where two conduc- 
tors of the second class have different che- 
mical actions on the conductors of the first 
^Jass, at the same tircv^i "tyvcY -aiOL >y^c»w ^-^^ 
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Thus copper, silver, or lead, with 
t solution of an alkaline sulphuret* and di- 
i nitrous acid, form a very active \6l- 
■ bic circle. Hence the following 

TABLES. 

I'T^le of VolUic cinlts of Ihe/cK oFrler, cnmpoaeSot 
I .two perfect conductors, and one iitipcrfectcoiulucUir. 





rwitligoH charconl, 1 


Solulionsofni. 


ZilK ■ 


< silver, copper, tin. 


trie »cid in 




t iron, mercury 


water, of mu- 
ri.tlc acid. 


bm ■ 


5 Willi gold, chsrcosl, 
isilver, copper, tin 


and sulpba- 


. ricwid, fcfc 






Water holdinS 


TiB - 


(With gold, silver, 
X cliarcual 


in mmcl. 


oJtygen «frr 






mospherio '■ 


Leod- 


With gold, silver 


.ir, &c. 
Solution uf i4, 
tmteofsiivod 


Copper 


With gold, silver 


and mercuiM 


saver . 


Witli gold 


Nilric acid. 



• tf equal quantities of sulpliur and alkali be melled,, 

t covered crucible, the mass obtained la called Wj 

f •Ikaline sulpliuKt. J 
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Table of Voltaic circlet of the tecond wder, compQied 
of two imperfect conductorsy and one perfect con- 
ductor. 



Perfect 
Cuiidueton. 

Charcoal 
Copper • 
Silver 
Lead 
T.n - 
Iron - 
Zinc - 



Imperfect Coiw 
ducftan 



IteperfectC» 
doeten. 



Solutionsof hydro- f Solution of ai* 



genaled alkaline 
sulphurets, capa- 
ble of acting on-< 
the first three me- 
tals, but not on 
the last three. 



trous acid, oxy- 
genated muri* 
atic acid, tic. 
capable of set- 
ing on all the 
metals. 



I will now show you another experiment 
which is to be made with the assistance of 
the great batter}' (Fig. 22.) a b (Plate viii. 
Fig. 23.) exhibits a glass tube, filled with 
distilled water, and having a cork at each 
end. A and b are two pieces of brass wire, 
which are brought to within an inch or two 
of one another in the tube, and the other 
ends are carried to the battery, viz. a to 
what is called the positii^e end, and b to the 
negative end. 

Barnes. You have then positive and ne- 
gative Voltaism^ ^s wclW ^& ^\q:^\ic\cvcsX 



EXPEKIMENTS. 
Tutor. Yes, and if the circuit be inter- 
ptcdi the process will not go on. But if 
things be as I have just described, you 
11 see a constant stream of bubbks of gas 
oceed from the wire b, which will ascend 
die upper part of the tube. This gas is 
und to be hydrogen or infiammable air. 
Charles. Uow is that ascertained ? 
Tutor. By bringing a candle close to iht 
ening when I take out the cork a, the gai 
Ul immediately inflame. The bubbles 
uch proceed from the wire a are oxygen 
pure air, they accumulate and stick about 
ic sides of the tube. 
James. How is this experiment expiaincdf 
Tutor. It is believed that the water is 
icomposed or divided into hydrogen and 
sygen : the hydrogen is separated from 
water by the wire connected with the 
igative extremity, while the oxygen u 
■ith and oxidates the wire connected with 
e positive end of the battery. 
If I connect the positive end of the bat- 
;rj' with the lower wire, and V\^t wt'Sji&'Wi 
Ttfi the upper, then the hyixo^co. y^q^mJ 
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from the upper wire, and the lower 
oxidated. 

If wires of gold or pUtina be used 
are not oxidable, then a stream of gai 
from each, which may be collecte 
will be found to be a mixture of hy 
and oxygen. 

Charles. Are there no means of < 
ing these fluids separately: 

Tutor. Yes, instead of making 
the tube, lei the extremities of the 
which proceed from the battery, be i 
sed in water, at the distance of an incl 
each other, then suspend over each i 
vessel, inverted and full of water 
vin. Fig. 24.) and different kinds i 
will be found in the two glasses. 

It is known that hydrogen gas r< 
the oxides of metals, that is, restores 
to tfieir metallic state. It, therefor 
tube (Fig. 2J.J be filled with a sulut 
acetite of lead* in distilled water, 
communication is made with the b: 
no gHs is perceived to issue from the 

e of lead, is » soVmOww ol \ctjiffliaRKiw 
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hich proceeds from the negatwe end of 

! battery, but in a few minutes, beautiful' 

itallic needles may be seen on the extre* 

ity of this wire. 

Jamcu. Is this the lead separated front 

: fluid ? 

Tutor. It is ; and you perceive it is in a 
irfect metallic state, and very brilliant, 
the operation proceed, and these needles 
ill assume the form of fern, or sonte other 
(getablc substance. 

The spark from a Voltaic* battery acts 
Lth wonderful activity upon all inftamma» 
bodies, and experiments made in a dark 
om, upon gun'powder, charcoal, metallic 
ire, and metallic leaves, Eic> may be madp 
:ry amusing. 



■ Mr Davy bas, l)y means of a very pnwei-fiil baite- 
l been enabled tn decompose llie alkiilies, maiiyafi 
e earths, Fiilphur, phoaphoniH, and charcoal ; airt' 
e borucic, Suoric, and muriatic acids. His lin<t ex- 

n potash and soda, which instead of 
ing ■irapie lubstancea are found to coiibists or certain. 
Uillle suhslances and oxygen, See Diidogues 
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TtTTDff. The diMOv^riea 6t BA 
were made principally with dead fr 
from his experiments, and many o 
that have been made since bis time, i^ 
pears that the nerves of animals may t 
lected by smaller quantities of electi 
than any other substances with whicl 
are acquainted. Hence limbs of anii 
properly prepared, have been much em 
ed for ascertaining the Voltaic electric 

Charles. What is the method of p: 
ration. 

Tutor* I have been cautious in 
tioning experiments on animals, lest 
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5r fpplinoi^*^ 



d lead you to trifle with their feelings r 
beat, however, to reoder the subject 
i complete, tell you what has been 
I 
muscles of a frog lately dead, ao^ 
may be brought into action b^ 
I'Df very small quantities of common 
' ity. 

leg of a frog recently dead be 
tred, that is, separated from the 
of the body, having a small portion of tVu 
ifHue attached to it, and so Eitoated that i 
' Stde electricity may pass through i 
leg will be instantly affected with a kind 
ipasmodic contraction, sometimes so stroi 
■a to jump a considerable distance. 

It is now known that similar effects n 
be produced in the limb thus prepared^ by 
only making a communication between the 
nerves and the muscles, by a conducting 
substance. ITius, in an animal recently 
dead, if a nerve be detached from the sur- 
rounding parts ; and the coverings be re- 
moved from over the muac\es, -wVAtV 4l^| 
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pend on that nerve ; and if a, piece of me- 
tal, as a wire, touch the nerve with one 
extremity, and the muscle with the other, 
the limb will be convulsed. 

C/iar/fs. Is it necessary that the com- 
munication between the nerve and the mitt- 
cle should be made with a conducting sub-, 
stance^ 

Tutor. Yes, it is : for if sealing-wax. 
glass, &c. be used, instead of metals, do 
motion will be produced. 

If part of a nerve of ^ prepared Utah be 
wrapped up in a slip of tin foil, or be laid 
on a piece of zinc, and a piece of silver be 
laid with one end upon the muscle, and 
with the other on the tin or zinc, the mo- 
tion of the limb will be very violent. 

Here ai-e two wine-glasses almost full of 
ivattr, and so near to each other as barely 
not to touch, I put the prepared limb ol 
the frog into one glass, and lay the nerve, 
which is wnipped up in tin foil, over the 
edgfs of the Wo ^Isaae,^, ao that the tin 
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the limb is not. If I now form a commu- 
nication between the water in two glasses, 
by means of silver as a pair of tea-tongs ; 
or put the fingers of one hand into the wa- 
ter of the glass that contains the leg, and 
hold a piece of silver in the other, so as 
to touch the coating of the nerves with 
it, the limb will be immediately excited, 
and sometimes when the experiment is 
well made, the leg will even jump out of 
the glass. 

James* It is very surprising that such 
kind of motions should be produced in 
dead animals. 

Tutor. They may be excited also in 
living ones : if a live frog be placed on a 
plate of zinc, having a slip of tin foil upon 
its back, and a communication be made be- 
tween the zinc and tin foil, by a piece of 
metaU as silver, the same kitid of contrac- 
tions will take place. 

Chqrles. Can this experiment be made 
without injury to the animal ? 

Tutor* Ves, and so may \5[v^ l^wnx:^^' 

Vol. III. 1 V 
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—I take a live flouDder and dry it ntib 
cloth, and then put it in a pewter plate, 
or upon a large piece of tin foil, andpUce 
a piece of silver on its back : 1 now make a 
communication between the metats with 
any conducting substance, and j'ou see the 
contractions, and the fish's uneasiness. The 
fish may now be replaced in water. 

I place this k-ech on a crown piece, and 
then, in its endeavour to move away, let 
it touch a piece of zinc with its moudl, 
and j-ou will sec it instantly recoil, as if in 
great pain : the same thing may be done 
with a worm. 1 

It is believed that all animals, whether 
small or great, may be affected* Jn some 
such manner, by Voltaism though in differ- 
ent degrees. 

The limbs of people, while undergoing 
the operation of amput:vtion, have been 
convulsed by the application of the instru- 
ments, an effect which is easily explained 
iiy 1 oUaiam. 

By the ItncHlfti^ ai«.»&^ <^ckwc«&-«>. 
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science, the following facts are readily 
plained. 

Pure merciin- retains its metallic splen- 
ir during a long time; but its amalgam 
di smy other metal is soon tarnished or 
idated. 

Ancient inscriptions, engraved upon pure 

d, are preserved to this day, whereas 

ne metals composed of lead and tin of 

great antiquity, are very much corroded. 

Works of metals, whose parts are so!- 

;red together by the interposition of other 

etals, soon oxidate about the parts where 

le different metals are joined. And there 

! persons who profess to find out seams 

brass and copper vessels by the tongue, 

'hich the eye cannot discover ; and ihey 

by this means, distinguish the base 

tixtures which abound in gold and silver 

rbkets. 

When the copper sheeting of ships is 

— istened on by means of iron nails, those 

mails, but particularly the copper, are very 

btiicJcIy corroded about the ^lase q€ contacU 



A piece of zinc may be kept in water tj 
long time, without scarcely oxidating 
all ; but the oxidation takes place very 
if a piece of siU'er touch the zinc, wl 
standing in the water. 

If a cap made of zinc or tin be Ell 
with wattT, and placed upoa a silver waiwJ 
and the tip of the tongue be applied SI] 
the water, it is fouod to be insipid; butjf' 
the waiter be held in the hand, which it 
well moistened with water, and the tcmgue 
apphi^d as before, an acid taste will be per- 
ceived. 

Charles. Is that owing to the circuit 
being made complete by the wet hand I 

y'tilor- It is : another experiment of a 
similar ktnd as the following ; If a tin t^- 
son be filled »vith soap-suds, lime-water, or 
11 strong ley, and then the bason be held tn 
both hands, moistened with pure water, 
while the tongue is applied to the fluid in 
tlif hasan, an acid taste will be sensibly per- 
tuivcd, though the liquor is aliaJine. 

I'Voin this short account of Voltaism, it 
ma\- be inferred : — 
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(!•) That it appears to be only another 
mode of exciting electricity. 

(2.) Voltaic electricity is produced by 
the chemical action of bodies upon each 
other. 

(3.) The oxidation of metals appears to 
produce it in great quantities* 

(4.) Voltaic electricity can be made to 
set inflammable substances on fire, to oxi- 
date and even inflame metals. 

(5.) The nerves of animals appear to be 
most easily affected by it of any known 
substances* 

(6*) Voltaic electricity is conducted by 
the same substances as common electricity* 

(7.) When it is made to pass through 
an animal, it produces a sensation resem- 
bling the electrical shock* 

(8.) The electricity produced by the 
torpedo and electrical eel, is very similar 
to Voltaism. 
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A. 

ABSOMB, to dnnk in. 

Aecellerationt a body moving faster and faster. 

Jiction and re-action^ equal and contrary, yol. I. p. ^. 

Curious instance pf, 1. 98. 
Adhesion^ a sticking together. 
Mr^ a fluid, the pressure of which is very great II. 
199, 200. Its pressure, experiments on, II. 222—« 
235. Its weight, bow proved, II. 236. Its elasti- 
city, n. 244—249. Its compression, II. 255 — 262. 
Necessary to sound. II. 273. 
Air-guth structure of, explained, n. 269, 270. 
Air-pump described, II. 206. Its structure ezp1ained« 

II. 207—210. ExperimenU on, II 212 and 263. 
Alcohol, ardent spirit : equal parts of alcohol and wa> 

ter make spirits of wine. 
Alkaline^ a saline taste. 



GtXtSSAGY' AND INDEX. 

Anam*rpt(vei, dimvrterl images of b.-idlci. 
Jntitnlt, their miidc ul' deacribiiiir tbe cuiislelUlioll^ 

II 170. 
Jngle, wbu iL.s, 1. U. How explained, ib. BifW 

(ibtUKi icutt, lb. Haw called, IS. | 

JaimaU, all kiiidi of, Alleclcd by GAtvanum, til 
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4pegre, the sun** or moon's greateit dUtuiee frorn 

theeuth. 
Jquq/artu, of what compoBcd, I. 20. 
Ardthnedtt proposed to move Uie earih. 1. 104. Sane 

accouol. of II. 123. HLsinvent!on», n. 134. 
Arroa, to find Ihe height ta which uscendt, 1, 6l,in- 
Atmotfiktre. the effect otj 111. 42, ^. 
Allractim, ihe tendency wbich lome parts of m 

AttractiBK capillary, what meant by, I. 22. lUlUln- 

ted, 1. R3. 1 

Alrraciien aad Repuliim, electncitl. 111. 217 and 2«. 

.magnetic. 111. ISA &e. 

Ai„o<a Bortalii, vulfE^il} cilloil th« Northern lighll- 



B-iliiiicc, hydroatatical, deKribed, H. 106. 

Ifulancf, faUe, hbw detected, I. 115. 

Bali, why easity rolled, 1. 67- Sciopiric, to efifee*! 

ni 61. 

^ur'.ini^MrtrxpUinpd, II 238 and 361— 368. In cm- 
Btiupiioii. II.35I. Us use, 332. S.utidard iHiiurta 
of, II. 355. Variationof, ib. Ton 
with, 11.361. 
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t, electrical. III. 371, Sic. Exnerimetm dk 

376. 

i<j, hUDbservatifin.inrSlt. 

«, hydmsUtical, II. 58—65. 

bow they support Ihemselves in the air, I, 85. 

iUe, Ihe iDeaning uF the word, I. 366. 

, heavenly, why move in ■ curved pilh, I. 95. 

lie ind non .elastic, illusintivcorLhe thirdlavr 

iQtioa. Weight of, iliminished ai the diBtance 

I the centre of the earth is increued, 1. 52. 

\n% the law of their velucity, I. fi3. How to 

kate III. 3:3j. Sonorous, elastic, II. 380. Hei- 

y, the latitude of, 1. 195. 

noviog: one, what compels it to stop, I. 63. 

, their vis-inenix, 1. 83. 

Mr. first saw the electrical li[tht, lit. 314. 

> (St.) cUurch, damaged by li^fhtning, III. SDd 

, haw suspended on the edge of a table, 1. 7t> 



C. 

a ebicura. III. 1^3, ttc. 
t the Sound of, 11.378. 

itjatiriictian, fluids aitricted above their level, 
IOCS «i amall as h btir. 
al fmini; how diitinguiahed, T. 171. 
I, Mp. his electrical experiments, 111. 303. 
■;■», the science of reflected light. 
sfgraviij, Ihe point ot'abodv. ot which, when 
ended, it will reil. Between (he earth and 
I. 336. How ipplicahle to the cnnioion ac- 
I of life, 1-73. 

kgal force, is the tendency which a body has 
r offin a slrught line. 
etatjorcr, \» the tendency which a 
hep about which it revolver 

L. tn. K k 
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2.21S_23i'''j». 1.211. !'• 
iT^ I, ',Pf *■*'". I 318. 

«" -iU. IW polei, wh«t. I. 
yl«in=d, 11. 294. &c. Carinu, 

fcfti UvE wui m tMKAi. 



rtfvtt. bis line* on ih« solar *in>lem, I. 304. 
eSf <;«, G»lvuiic. whai. III. 353, Firct order, ib. $(. 

coiid ard(r,ib. The moat powcrrol, 1U> 364, j 
C!r/iiydra, principle of, Eipliincd. 11,77. 
Ctoct' and Diatt, «l>y not igrce b the r 

titne.I. SS9--3W. 
CgA(vf(>i>.UirBclioiio<. 124. Haw Jelinei], |.2j.n 

•luicm, 1. 36. lU farcCi L 17. Kow o 

Insiances oC, I. 38. 
CWninj. apparUus fur, referretl to, ). 1 j6. 
^teuri, the cause uf, lit. r& 
C»mti*, in wh»t r»p«cli they resemble pi 

336 The hot of one c»lculftted, I, 337. 
Cemprettici, the act of squeezing tngeiher. 
Cenamaiini, the act of brin^^ing ihe part* of v 

tOgcl1"T. 

Cbn<b<ii>n. ckctrical, what meant bj.IH, !3t Tir 
bleoflll. 33i. Galvanic, 111.36?. perfect »ndilB- 

Cmc, doutle. why it rolli up a plane, I. 74. 
Ctmiaa, touching. 
Cotwrge, Jriwing towarda a point. 
Ctoicry, aorne operations of, how accounted for. L39> 
Crane, the priticlpJes of a, L 129- One inveFitcdl^ 
Mr. Whue, 1, 13]. DiHiller'. deacnhed, 0. 162- 
Cvlifiint, [he operation of, explained, O. 351, 353- 
Caft, hemi*pherical, eiperimenU on, IL 232. 
^liHikr, how made to roll up a hill, L 74. 



Doserra, ropeor wire, how they balance Ihegiaflnt, 

a.tronomicBl, when begina, 1. 191. The^ffer. 
ce between the taiar andttdtrtat, L 2^ 
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oiMAaa ummmst 

Jiy-UOHi. lhec»u« oreipl«ined, I. 281-^88. Am 

Ur. I- 2S6. ToUl of Ihe sun, very r»re, L i 

Accouiilor iNieieen in Poriuf^tl, 2H7. Suppo* 

tn br omcni of MUmity, 1. 28S. 
£c/tficic, the earth's annual path rounu the heiTCI 

How dfichbcd. L 179. How to U-nce the I. II 

—183. 
Efftuvia, fine particleslhat fljofTfraili various bodil 
£f;i, 'liicoloration oi silver with eating, IIL3I 

Uow eiplained. III. 364. 
' Eloiiicitj, Ihe quality in some bodies, by vid 

Ibey recover Oieir feriner pottlioni mfUr M 

bent. What meant by, I, ;W. 
Mlcct'ic, what meant by, lu. 214. Light, by whi 

firit seen. 111. 214. 
j^/rnricj^, hi*tOTyor,III. 2ll. Attraction electric 

whenBrnaoticsd, lU. 213. Atmospheric, III. 7 

The two kind*. 111. 243. Medical. Ill 324. A 

mat, 111. 330 
Eltcmmeter, Luc**, m. 370. QpidnBt, (be'uM 

IIL 373. Another kind, [H. 39B: 
EelioH Sarp, itructare oreipUined. 
Ephnmerii, >n altsanact White's ezpUined, 1. 1 
Eqataar, bow dctcribed, 1. 190 and Z13. 
E<pinitetial, wh4t meant by, L 313. 
" Svcitiitgi at Maim,'' referred to, ft work of |^ 

merit, L 13. 
£jvi the part of which compoied, llL 114. 



Fcathtrt, ekctrified, tbeirftppeartnee, IH. 347. 
fire Emginct described, and tba principle of* tb 

expUined, II. 190. 
J^'«A, how they swim, IL 301. Air-veaiel of, the U 

II. 2U4. Electrics.1, lU. ■iS6. . 
Flannel, » conductor of aovmA.W.^fe- 
fiea, circuUtionoIOwWo«i4oi*,va5. 



GLOSSARY AND INDEX. 

Veod^aiei, why mule very tbick, II- 78. 
^iilt and loiidi, how diBtmguished. II. 36 — 38, Par- 
ticles of exceedingly gmtll, II. 15. Incapable of 
compression, II. 18, ig, 
Qu^ press equally in all directions, 11. S6, Incom- 
pressible, D. 29. Air, compression of. ib. Weigbt 
•nd pressure of, eiperiments on, II. S3 — 5S. Lk> 
tera[tiressureof,I1.41-47.Dil1ereiice between tb^ 
Weightandpre9surcol',lI.73. Motion of, 11.74—91. 
, Experiments on the li^ht and heavy, II. 13S— lit. 
Specific gra.vi[y of, differ according to the degisM 
of heat and cold, II. 145. 
Farce, centrifugal, wl-.at meant by, I. 88. 
jFtnuuninf, the principle of, explained, II. 86. 
JtuBWm, artificial, II. 358. 

Franilin, Dr. his expcrimenU, III. 301. dis 
that lightning and electricity are ihe same, I1L1 






-ubbing. Must be allowed for in mechanic!. 



Frogi, expariments on. III 

Fulcrum, the prop jr cent 

Wliat meant by, L 1U7. 



discoveries. III. 347, 348. Expe 

_ „8, ib. and 370. 

Githami: lialleritM,hovr tormeiS,Ul.3S6-isa, Shod 
III. 357—3.^9. 

alvanltm, whalit is, III. 34FJ. From what it derived 
its name, ib. And electricity tbe same, ni.3Jli^ 
Made apparent to the senaee, III. 352. PosilJt«|] 
and negative, III, 36S. Summary of, UI. 377. 
ariien engines, described. Q. W\. 
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BLOSSART ANB WVEX. 

ro'tcrran, chert reapeot'mp, how detcctctl, ft. 
IT 125— 138. 

mtgt^cad, how burst, II. 63. 
Bapjaangoiis, dangerous to meet in an inclining rmd, 

son, the boundary where the sky seem* to 
ktouch the surface of the earth or ses. Seniibls 
■«iid rttionsl, I. 2'2S. To which we rerer the rising 
Band setting of the sun, 1.326. 
Wfdraiitiu, hydrostatic prlnciplei applied to miUst 
■'engines, pumps, &c. 

MMivmetrr, an Initrument to meuure the strength 
L of spirits. Described, IL 142—145. To what ap- 
■^plied, n. 147. 

mjdroiiatia, tbe origin of the term, II. 11. The 
rol^ecu oF, II. 12. 
n[jKiroticaical{iatadox,tip\Kmti,l\.A&—$'7. 

WfdrBitatical belioKi, deacrii>ed, and explained, U. 
5S— 65. Press, II. 65, and 193—195. Fluidi, 
I presiure or in proportion to the perpendiculw 
, heights, ir, 59. 

i^jfgrtmtier, an instrument by which the moistara 
I of the air is measured. Its construction and UM) 

. n. 3Se. Oiflerent bnda or, U. 3SS— 393. 



'Jact^Jatuhorn, til. 317. 
^Aunrrte, to plunge in. 
ytHfrt, to drive «n. 
•ifiieidma, line of, n. 39S. 
lAeomprtfibia, not capable of 
J. smaller compsas. 




GT-095ART AStJ IWBEX. 

Inertia, of tDMter, iu leniency U> continue in tb 

■tutp'mwhicbitis. 
IngenhiMt, Dr. reterred to, I. 33. His chuwtef 

Mtrttia; tbe hollow spaces between tbe partkb 

I'm, oxide of. in. 3S3. 

Jupiter, (he planet, its ma^itude ; diitance hnn 
the simj the celocily of its rootions, I. 32* Tl( 
length of its days and ni^bta, I. 325. SlWlliUl, 



Lateral, lidewiae. 

Latitude, of tile planets, their distance from On 
ecliptic. Parallels of, I. 243, 

LeaJ, eleven times heavier than water, 11. 45. 0< 
ide of m. 3i2. Aceilte of, III. 368. 

Leaf. Kold. silver, &c, how burnt, Ul. 360. 

Leaii, in banks, how secured, 11. 80. 

Leap year, what meant by, I. 365. Rule for knowlnj 
1. 367, 

Lenses, different kinds described, in, 45. 

Levels, construction of, n, 24, Use of, U. 24, 35. 

Lever, a bar, crow, &c. For what used, I. 108. WI] 
culled a mechanical power, I, 109, Of the ^r 
kind, what inilruments referred to, I, IIT- Ho 
Ul fBtimate its power, I, 118. Of the »™n 
kind, what instruments referred to, L 118, ( 
the third kind, what iustPiiraenW referred, to, 



"^. 



6L099ART AND tSTIRX. 



pertij| 



tvtrt, bo V iDRny kinds, I. 109. Iheir propel 
ainitrated, I 110—113. 

" 'A(, il8 gre»l velocity, how diicovered, 1. 336, tuid 
U. 11, 12 Of what coRipoaed, in. IQ. Sun, subject 
to ■pp»renl diminution. III. 11, The source of 
light to the planetary worlds, ib. MoroiinBtr&ight 
Mhei, 111. 16, 17. Riy of, what meinl by, UI. 18. 
SeAecied and rerrscted, in. 32—31. Ita greU a4*i 
vanU^s, III. 68. A compounded body, ilL " 
Galvanic, how perceived, HI. 354 — 3S6. 
'I.mti, right, wliit meant by, I. 14. 

tioruhn, bow anpplied with water. Bridge, wal 
works at, II. 83. and 1 Hd. 

Lrms-days, the reason of, 1. 342. 
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JUaehinf, electrical. III. 226. The moat poweirul 
lU. 235. 

jaagnH. described, m. 183. Its uses, HI. 184. Di- 
rective property, lH. 183. Anihcial, m. IBS. Fro. 
perties of. III, 187. 

Magttcit, how to make. III. 193. 

Magnetic attraction and repulsion. III. 189. 

Jfarbtr-s, reason why they roll to g-rentcr or lais dia- 
lances, I. ^3. 

JUarlnrrU compats, described, III. 195. ViriAtion of 
IH. 202. 

Jfori, the planet, its distance Trom the sunt its ve- 
locity ; ita ma^itude, &c. I. 319— 32B. 

MatttT, every substance with which we ■ 
quainteil How defined, 1. 18. Definitioi 
tfKtwl, I. 19. Capable of infinlle (Bririon, L t 



GLOSSAET AND mtJES. 



Remarkable insluicea of the mtDute dinaloc 

I. •20—23. 
Meckanicai po^ert, how nu(Dy, and whit tlMyirc, 

1.104. 
Mechanic!, importuice of, I. 105. Power ^fainedbf 

them, ib. 
Mercury, the pluiet, its litiutioo, I. 306, a.od Vemii, 

why oiled inrerlor pluiets, ib. Huety seen, I 

307. Ita distwice from the son; its velocity ; iu i 

arnt, &E. 1. 308—311. 
Melait, aome more sonorous thsn others, D, 380. 
Miatucofie, Its principle expluncil. III. ijg. Sin^c 

111. 161. HowmKde, lU. 163. Compound, IILI65. 

Solar, lU. 169, 
Mirrort, the different kinds, IH. 83. 
AfomeBfKfliithemoTingiforceof abody. Whatm 

by, t 45. llluctrated, 1. 4S, 47. and 100. 
Jfonry, ciiunlerfell, wrong lo pass it, II. 13.'?, 
Month, what meant by, 1. 272. Difference between 

tJie periodical and synodical, 1. 273. 
Moon, to whiit laws subject, I. 53. Its declination, I, 

191. Its anulhiiig', ib. Its distance from the earth, 

i. 227. I'robably inhabited, I. 279. Eclipses of, 

I. aai. 
aad earth, motioDa of explained, I. 273, 374. 

Shines with borrowed light, I. 274. The length of 

her diameter, I. 275, Phases of, explained, 1. 376. 

Her rotation described,!. 277. Length of her day, 

ib. Length of her year, ib. 
MBlion, centre of, what it is, I. 102, Laws of, I. 76. 

Must be committed lo memory, I. 86, 87; the first 

illustrated, 1, 76—8?, the second illustrated, L 8;. 

the third illustrated, I. 83—85, 
Moiiani, circular, eiist in nature, I. 87. 
Muschcribi-oect, M. describes the electric shock. III. 

263, 
Musical inttntmunu depend on the air fhr actieii II. 



GLOSSAHT AND INDEX. 



IfaSr, the point under our feet. 
^^/tmticai Aimmac, ita ute, I. 183. 

■Jfndle nf the mBriner's compasi. Dipping', ttl, 1 
JVmi« andmuislen, how conduclori of the Gttva 

fluid, III. 349. 
'Hew Style, when adopted, I. 368. 
Jftviaa, Sir Isaac, his eEperiments on electricity, 1 
, 215. 

JUaiier, M. hie d«acription of the electrical ahock 
in.263. 



Oijcett, hy what meftni viiible. III. 31. The imAgK 

of, how puinted on the eye. III. 124. 
Oblate, of the ahape of an orange. 
Opaque, dark. 

Oriii, the path, of a plnnet round the sun, or of a 
inoon round Lta primary. 

Oicidaiion, wlikt meant by the term, in. 353, 354. 
Oxide.ihe ctdxof a metal. What meant by the term. 

ill. 35i. 



Paley, Dr. hU natural theology referred to, m. 136. 
PapiiC' digester described 1. 30. and II. 34S. Its luea, 

ib. One burst, n. 3.^0. 
Porta; Mr. his large burning g;tasi, ID. 49. 
ArciMiion, a stroke. What meant by, 1. sa, 97. 
Phtnttacnon, an appearance in nature- h 



GLOSSAItT AWD VfUEX. 

fUal, Leydtn, «her« diacovtred, in. 262 
AWvM^ll?. «Uatitia,L 12. Nwural ■nd t , _ 

tml, the tnlroduction to, not difficult, ib. NUurd, I 

the u»c» to which it is ipplied, !. 82. 
Pkilotopkical Trantaaitnt, referred tn, m. 31-2. 
^ita, tower of, leininut of theperpei>dicul*r,l. (.. 
J'lune, inclined, eipluned, I. 139. Exainptei >»■ 

■peeling the, I. 141—144. WhM in 

feribk to, I. 144. 
Flaiuu, their number and nainc 

ar,M»9. LMitade of, I, igj. The order of tli^ 

moUona, I. 301. How to fUtd Iheir diManoe^ t. 

317.318. 
Pneumatic; whU, treated of under, XL 19!*. 
Poinu, cardinal, I. 171. 
Psie-irar, its lue, 1, 171. 
JWei, apparently itationarf, I. X10. AtUie, tu^yooe 

day and one ■■g;hl in the year, I. 2S3. 
Aru, hydroatttical II. 64, 65, 
Pnailji, Dr. bii faiBtorj of eltctricity referred to ID. 

316. 
Price, Dr. referred to, I, SS. 
Pr-itm, the effect of. 111 136. 
PtdiMng, what meant by the term, II. BO. 
Pul/ty, how explained, I. 133. The lingl 

advantage, ib. The moveable, I. 135. 
Fump, principle of, IL 17»--1B6. 
Pamp/orcing described. U. 187. 

" " ' ' III and lur, n. o6 



(;lossahy and index. 

/tainboiv, the cause e\plitinfd, iU. 134. ArtifioU. 
■ IIL14I. Curious ones described, UI. Ul. &C. 
' ^dit-f au^e, its construcUon, 11.394. Hawit iiiuu 

U. 395. 
Xain, an electrical plienomenon. III, 330. 
JCinf, pencil of, wtiat meant by, III. 44. 

definition at, ib. 
Sejiectian, rebourtdlng back, lis powers in appb 

renilj' muUiplying uLijecis, 1. 16d. Line uf, f 

plfclne J, U. 397. 
Jt^actieii,\tv:V\niagot bending out oriu courae. Itl 

power in apparently miiltiplying objects, r ' ■' 
RepaUian, driving awaf. What meant by, t 

stances of, 1. 36, 27. 
Jtaiduum, eleelricai, what meant by, Dt 269 
JltCregade molion, by wliicU the he&Veoly boi 

pear to go bttckwBrds. 
Severierale, to beat back, ■ 

Sifier, iVev, how It supplies London with water, I( 

88. Reservoirs belonging lo, n. S9. ^ 

Sivtra, banks nr, muat be venr thick, U, 79. 
nd-abouU, tbe principle of; I. 102. 



S<i!tviacrr, heavier than fresh, consequence of, to « 

loaded vesjiel, tl. 149. ■ 

Sateilii". moixis. H 

Sniurn, the planet how known, 1. 339. IU >'i*n|H 



GLOfiSABT AND 1XD£S. 

tl<iii*, L 32a, 329. it* sueliite* und rin^, i. 3 
.■531. The lenglli otiu Aay uiil night, I. 331. 
Scrrvi, an inclined pUne wrapt round » cjlinder. 
principle eiLpUined, 1. 149. Orwtut cnmpcued, I 
150. Example* of,!. ISl, Useil by paper- make n, 

I. 135. Iti povcresliniklcfljib. 
Staitm, the hotleit,!. 34a 

ScHani, variely or, on wlnt depend*, I. 33S, and M4. 
differeai, how accounted tiir, 1. 233, tnd 3^&— 25i 

Haw produced, l.'2iH. 
Shlfi, damaeed bv tightninf;, 111.313. 
SiVnrM elrciriciu^dticribrd. III. 3S5. 
Silvtr, expenment with. III. 349. 
Slavci, how they ^t at tlieir masler'a rum, U. 140. 
Smitir, the rcu'xi of its ascent. II. 'i65. 
Svutt-yaci, ill principle. Tl. ::14. 
Solar ijunn, deicribeil, 1. 197 — 305. 
SaUcT, for wh»t med, I. 34. 
Souiul, conductor* or, II. 37S, 376. How fir miy 

be iieard, IL 281. H'.w fwt It travela, 11383. 

Velocity of, applied to practical purpo9e5, II. iSS 

Sp.ii-i, f leclrical, it* nature, III. 287. Galvanic, iti 

power. 111-369. 
Jfiryli.-^irin'iO'i "li*t >"*'"* t)y> 'I- jCi. Ofbodicscx- 

pUined and illustrated, II. 92—137. How to Hiid, 

II 9j- 
SpeciiicU; th^ir cnnatruction, uies, and difiereot 

kinds. Ill, 108—130. 
i/i/rif, rertififd, whnt meant by,1l. 144, E^c 
Springs, intermlTtiiifr, explained, II. 163. 
Si. Paul's, whispering gallery of, principle explained, 

II. 3(iri. 

Stan, how to find the names of, 1. 173—177. Why 
milked on the g'lobe with Greek characters, I. 
177. Fixed, their .pparenl mniion, 1 229. Why 

■ not seen in the day, 1.331. Fixed, their number, 
1^11^63. Maybe^tt.tit£>u«bK.d,\.l«9. Tixed. 



CL03SAKY AND INDES. 

tlieir imracnae (listance, L -259. Fixed, desRrlplioft 

«f, L 345—349. Their uset, I. 350. Filling, ' ■ 
I they ire, DL 310. 
'Stfam-fflfine, its uie, II. 325. When invented, n. 

327. Iw Btructure, II. 330, Tlie applLc»tlon, n. 
' 341, 342. That of Meaan. Whitbread deschbeda 

IL 344. Ita power calculaied. ib. Accidenti ee-' 

caaioned by, II, 34fi. 
I Sttelyard, a sort of lever, L 113. Ita advantages o 

a pair of scalea, I. 113. 
Aorm J, by what occaaioncd, II. 331- 
Suaitn, no such principle in nuture, II. 224—230. 
Sulphurei, alkaline, ncbat. III. 365. 
Summers, two in a year, in some places, 1, 253. 
Svn and clacks, seldom lu^lher, 1. 193. 
Sun, declination of. I. 190, Longitude of, I. 1 

Hai not latitude, 1. 195. ita magnitude, M9ft 

Why it appeura so small, ib. Ita diatuice " 

the earth, L 199. Annual motion of, bow ot 

ed, I. 233. KeoBona for, I, 130. Nearer to ths 

earth, in winter, than in Bummer, L 246. A de* 

■cription of, 1.342—344. 
Svitmrning, theory of, II. 149. How to be attainCi 

II. 150. Lesa natural to man than to other lat 

animals, II, 150. 
Syp/un, the structure ot; esplaioed, n. 156. !ta pri) 

eiple, II. 158. 
Syringe.Xit.* structure explained, II. 219- CcndenBil 

one described, II. 260. 



TaUta, Galvanic, III, 365, 366. 

a straight line toucb'mff the ci 



'^:^ 



Topwi^i opaUe of beiog felt or tividled 
' T^wiM'f »^ 11- 160. 
Tiitii, • if [•■KTCcable one, eiKcitcd by the u 
v«t«t> pikced on >nd under the too^e. 111. 3 
lli>« acoDunted Tor, m. Sit. 
TU^a^, rpfi-kctinf.cxiilBined, UI. 143. Night,! 

151. Bellocting, explained, 10.1" "- "■ 
»oh<:i*.,UI. 157. 
IVrnu, cccUniCftl, derited fioin the Greek Ungul 

rr. II. 
ThennairuUr, its conitruction and use*, 11.369 

Itj •e«Ie, tL 37S. Wedgewood's, U. 378. 1 

Bur's *e*le coinp»Ted with Fabrenheit's, '" 

He«t,«c»le of, 11.381. 
Thundf, how produced, U. 378. 
Tidei, the cauiei of, explkiDcd, I. 289—296. ' 

every 25 hours, I, 2<Jj. Diflerent in different 

plmcei, 1. 394. AVhen the highest hsppen, 1 396, 
TVme, equal uid (pparenl, how dislingniibed, l.Sij> 1 

256. On what the difference depends, I. 316 ' 

Equation of, I. 193 and 351^—364. Divifiaa.|| 

1. 271. 
TTmir and upoct, cleu ideas of, necesaarr ta 

ed, 1. 103. 
Tarptdt, described, IIL 33a 
7W/»//i(m experiment, II. 161, 
Trai^ferrer, ui instrument used ir 
Traatit BfVtmu, her pnusB^s 1 
TrembliHg-eel, noticed. III. 335. 
TyioHgie, wh»t raesnt by, I. 17. Any two si 

frrester thui the third, 1. 9*. 
Trapiu, circles psrtJIel to tba equator. 
Thimpei, speaking, deicribed, II. 388—293. 

firilused, 11,291. 
Trumpei.. for deftf persons, U. 292. 
Tube, s pipe. 



in pneumitic 



1 setting or nsing w 



^Ht^ 



lARY AND rauET. 



'ation, iwinging or vibrating'. 
(W, npUce voidof air, 
, a lort of trap door. 
>, what meant hy, II. 180. 
ables, how blanched, Ul. 79. 

!(>,« term ap[)lied to motion. Accelerating whet . 
ant by. I. 56. 

t, the planet, Iti distance from the sun t the tt\a- 
</ of its motion ; its magnitude, I. 312— Sli. 
bf an evening and why » morning itar, I. 31J. 
anal t of, what meant by, 1.316. 
cr, ilH cDBSlruction and UM, IL 336. 
'X, the top of any thing. \ 

id'vn, the swinging motion of a pendulum. i' 

», the manner of, UI. 120, 

•Me, any bght aubatance that easily evaporates, 
lie batMiei, III. 35&-358. Shock. IlL Zi7~ 
9. 

r.>«i. m. 356,I&c. 

', leaning one, at Bridgnortli, I. 68. \ 

T, pure ruin, the standard lo compare other be- 
es with. If, 97, Weighs the same every where. J 
, Alwaya deeper than it appear to be, n. IS:! [ 
dlir.SG. How raised from deep wella, n. 191 
193. Forraedof two gasses, ill. 351. Decum- j 
ised, m. 367. \ 



•r-^Md, their Duiie, IIL31S. Howdiiperied, | 
Hj^^dcs for judging of, n, 399— ICl. .^^^d 



GLOSS&BT AXD INDEX. | 

H'lTi^f , & tTunguUr piece of wood or metal, to cUtre 1 
stone, tie. Its principle explained, 1. 145. ILs id- 1 
vuit>^> in deuine wood, L 146. What instn- I 
iDent* referred to, 1. 147. 

IVell, how to find Ui« depth of one, 1. 53. 

U'tiel and axttAeicribfA,l. 175. For what pBrpoMi 
used, ib. It* power eiiimsted, I. 13r. Howis- 
cmtsed, 1. 123. £ipl>ined on the principle d( lite 
lever,!. 131- 

miit, Mr. Jtmes, h's invention of k cnne, L UO. 
His prtent puUejr, 1. 1.7T. 

Wind, what it ii, U. 313. The cause of, U. SIJ. 
Experiment on. n. 314 and 319. DeBnition of, 
n.'li. Its direction denominated, ih. Tbeooie 
of it« Tariablrocu in En^iod, II. 320- How to find 
its Telocity, a 333. Table of, n. 334. 

WiaJt, hov man; kinds, and whj so nftmed, D. 
313- 

WiMier, why colder than the summer, L Z47. 



year, its length, how meuand, I. XS. Gfegoriai, 
what meaot by, L 268. The be^ninng g( changed 
froTD the 3jth of March to tha:^>«f Juuary, 



Zeaiih, that point ofthe heavens a*er one's head. 

Zinc, experiment with, III. 350. 

Z«£iac, abAmtlie\w»^T:H»,*\*oBet4«^»t^^m«d, 
through wlutotlicecXiV™^'""- Si^p»t&,-\.%^i. 
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